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DEVWUDFW Dowkrxjk lqwhuydo dqdo|vlv dojrulwkpv duh uholdeoh dqg dffxudwh/ wkh| duh riwhq
irxqg wr h{hfxwh vorzo|/ hvshfldoo| lq gl!fxow sureohpv1 Wkh vshhg olplwdwlrq kdv ehhq klwk0
huwr ryhufrph e| xvlqj vshfldo frsurfhvvruv/ ixqfwlrqdo kdugzduh xqlwv/ dqg sdudooho surfhvvlqj
whfkqltxhv rq pxowl0surfhvvru pdfklqhv1 Krzhyhu/ dv vlqjoh surfhvvru pdfklqhv vxfk dv ghvnwrs
frpsxwhuv duh pxfk pruh zlgho| xvhg/ lw zrxog eh dgydqwdjhrxv wr kdyh whfkqltxhv wkdw vshhg
xs lqwhuydo dqdo|vlv dojrulwkpv rq vlqjoh surfhvvru pdfklqhv1
Lq wklv zrun/ zh sursrvh yhfwrul}dwlrq dv d phdqv ri vshhglqj xs lqwhuydo dqdo|vlv dojrulwkpv rq
vlqjoh surfhvvru pdfklqhv1 Rxu lghd lv wr surfhvv doo wkh er{hv suhvhqw lq wkh olvw dw hdfk lwhudwlrq/
xvlqj yhfwrul}dwlrq wr shuirup wkh ydulrxv wdvnv vxfk dv ixqfwlrq hydoxdwlrqv/ elvhfwlrqv/ dqg
zlgwk fkhfnv1 Yhfwrul}dwlrq jlyhv d ghjuhh ri sdudooholvp lq vfdodu surfhvvruv/ hqdeolqj idvwhu
surfhvvlqj ri doo er{hv lq wkh olvw dw d jlyhq lwhudwlrq1 Zh xvh wkh wrroer{ LQWODE ^9;` dqg wkh
Iruwh IRUWUDQ <8 frpslohu ^96` iru yhfwrul}dwlrq ri lqwhuydo dulwkphwlf rshudwlrqv1 Ixuwkhu/
h{sorlwlqj wkh ihdwxuh wkdw doo wkh er{hv lq d olvw duh ehlqj surfhvvhg/ zh dovr sursrvh vrph
dojrulwkplf fkdqjhv zkhuhyhu srvvleoh1
Zh �uvw dsso| wklv qhz vwudwhj| ri surfhvvlqj er{hv wr wkh lqwhuydo Qhzwrq dojrulwkp ^7<`
iru vroylqj d v|vwhp ri qrqolqhdu htxdwlrqv/ Qhxpdlhu*v fryhulqj dojrulwkp ^94` iru vroylqj d
sdudphwhu 0 ghshqghqw v|vwhp ri qrqolqhdu htxdwlrqv/ dqg wkh Prruh0Vnhoerh dojrulwkp ^84` iru
vroylqj wkh xqfrqvwudlqhg joredo rswlpl}dwlrq sureohp1 Zh dovr lqfrusrudwh vrph dojrulwkplf
fkdqjhv lq wkh odvw phqwlrqhg dojrulwkp/ e| prgli|lqj wkh fxw0r� dqg prqrwrqlflw| whvwv1 Zh
vkrz wkurxjk vhyhudo whvw h{dpsohv wkdw wkh qhz vwudwhj| frqvlghudeo| vshhgv xs doo wkhvh
dojrulwkpv/ vrphwlphv dv pxfk e| d ihz rughuv ri pdjqlwxgh1
Zh wkhq suhvhqw d vhw lqyhuvlrq dojrulwkp iru fkdudfwhul}lqj wkh grpdlq ri d vhw ri qrqolqhdu
lqhtxdolwlhv1 Wkh sursrvhg dojrulwkp lpsuryhv rq wkh rqh uhfhqwo| sursrvhg e| Mdxolq hw do1
^64`1 Wkh sursrvhg lpsuryhphqwv h{sorlw wkh srzhuixo wrro ri prqrwrqlflw|1 Zh whvw dqg frp0
sduh wkh shuirupdqfhv ri wkh sursrvhg dqg h{lvwlqj dojrulwkpv lq fkdudfwhul}lqj wkh grpdlqv ri
urexvw vwdelolw| iru wzr sureohpv/ lqfoxglqj d fdvh vwxg| ri vshhg frqwuro ri d mhw hqjlqh1 Wkh
uhvxowv ri wkh whvwlqj vkrz wkdw wkh sursrvhg dojrulwkp hqforvhv wkh grpdlqv pruh dffxudwho|
wkdq wkh h{lvwlqj dojrulwkp 0 phdqlqj wkdw lw jlyhv d odujhu uhjlrq iru zklfk wkh v|vwhp vwd0
elolw| lv jxdudqwhhg dqg d vpdoohu uhjlrq iru zklfk wkh v|vwhp vwdelolw| lv lqghwhuplqdwh1 Wkh
sursrvhg dojrulwkp dovr uhtxluhv ohvv vsdfh0frpsoh{lw|/ exw wdnhv pruh frpsxwdwlrqdo wlph wkdq
wkh h{lvwlqj dojrulwkp1
Zh qh{w suhvhqw d ghulydwlyh iuhh uxoh iru elvhfwlrq gluhfwlrq vhohfwlrq1 Wkh sursrvhg uxoh lv
edvhg rq wkh sklorvrsk| wkdw �wkh ehvw elvhfwlrq gluhfwlrq iru wkh udqgrp er{ ri d jlyhq olvw lv
+olnho|, wkh ehvw elvhfwlrq gluhfwlrq iru doo rwkhu er{hv ri wkh olvw�1 Zh hydoxdwh wkh shuirupdqfh
ri wkh sursrvhg uxoh dorqj zlwk wkrvh ri vhyhudo zlgho| xvhg uxohv ri lqwhuydo dqdo|vlv/ lq wkh
frqwh{w ri wkh whpsodwh jhqhudwlrq sureohp dulvlqj lq wkh TIW dssurdfk wr urexvw ihhgedfn
v|vwhp v|qwkhvlv ^5:`1 Zh frqgxfw wkhvh hydoxdwlrqv rq d vxlwh ri whq uhdo0zruog sureohpv wdnhq
iurp gl�huhqw hqjlqhhulqj dssolfdwlrq duhdv1 Iurp wkh whvwv/ zh �qg wkdw wkh sursrvhg elvhfwlrq
gluhfwlrq vhohfwlrq uxoh lv deoh wr vxffhvvixoo| vroyh doo h{dpsohv/ zkhuhdv qrqh ri wkh hvwdeolvkhg
uxohv/ vxfk dv cpd{lpxp zlgwk* dqg cpd{lpxp vphdu* uxohv/ duh deoh wr gr vr1 Pruhryhu/ wkh
sursrvhg elvhfwlrq gluhfwlrq vhohfwlrq uxoh jlyhv/ rq wkh dyhudjh/ derxw 8;( uhgxfwlrq lq wkh
qxpehu ri vroxwlrq er{hv dqg :6( uhgxfwlrq lq frpsxwdwlrqdo wlph ryhu h{lvwlqj uxohv1 Wkh
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�qglqjv ri wkh suhvhqw zrun dovr vxjjhvw wkdw lw pd| eh iuxlwixo wr eulqj lq vrph dprxqw ri
udqgrpl}dwlrq lqwr wkh erg| ri lqwhuydo dqdo|vlv dojrulwkpv1
Odvwo|/ zh qrwh wkdw wkhuh lv fxuuhqwo| d odfn ri urexvw vwdelolw| dqdo|vlv phwkrgv iru sro|qrpl0
dov zlwk qrqolqhdu sdudphwulf ghshqghqflhv1 Zh wkhuhiruh sursrvh d yhfwrul}hg lqwhuydo dqdo|vlv
dojrulwkp iru urexvw vwdelolw| dqdo|vlv ri sro|qrpldov zlwk qrqolqhdu sdudphwulf ghshqghqflhv1
Wkh sro|qrpldo frh!flhqwv fdq eh dq| frqwlqxrxv ixqfwlrq ri wkh v|vwhp sdudphwhuv1 Wkh sur0
srvhg dojrulwkp xvhv wkh lqwhuydo irup ri wkh }hur h{foxvlrq whvw dorqj zlwk wkh deryh sursrvhg
ghulydwlyh iuhh uxoh iru elvhfwlrq ri doo er{hv lq d jlyhq olvw1 Rq d pdvv0vsulqj0gdpshu v|vwhp
lqyroylqj wkluwhhq xqfhuwdlq sk|vlfdo sdudphwhuv ^5`/ wkh dojrulwkp lv irxqg wr vxffhvvixoo| yhuli|
urexvw vwdelolw| lq txlfn wlph1 Zh eholhyh wkdw wkh sursrvhg phwkrg �oov lq d vljql�fdqw jds lq
wkh urexvw vwdelolw| olwhudwxuh1
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Frqwhqwv

4 Lqwurgxfwlrq 4
414 Yhfwrul}dwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5

41414 Krz wr yhfwrul}hB 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5
41415 Yhfwrul}dwlrq yv1 wudglwlrqdo surjudpplqj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5
41416 Dssolfdwlrqv ri yhfwrul}dwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7
41417 VLPG dqg yhfwrul}dwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7

415 Prwlydwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7
416 Pdlq Frqwulexwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8

41614 Qrqolqhdu htxdwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8
41615 Sdudphwhu 0 ghshqghqw htxdwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9
41616 Joredo rswlpl}dwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9
41617 Vhw lqyhuvlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :
41618 Elvhfwlrq gluhfwlrq vhohfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :
41619 Urexvw vwdelolw| dqdo|vlv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;

417 Rujdql}dwlrq ri wkh wkhvlv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;

5 Rq vshhglqj xs wkh lqwhuydo Qhzwrq dojrulwkp <
514 Lqwurgxfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <
515 Edvlf dojrulwkp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <
516 Sursrvhg dojrulwkp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 44
517 Whvw uhvxowv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 45

51714 Shuirupdqfh sur�ohv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 47
518 Frqfoxvlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 48
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6 Rq vshhglqj xs wkh fryhulqj dojrulwkp 58
614 Lqwurgxfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 58
615 Qhxpdlhu*v fryhulqj dojrulwkp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 59
616 Sursrvhg dojrulwkp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5:
617 Qxphulfdo uhvxowv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5;
618 Frqfoxvlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5<

7 Rq vshhglqj xs wkh joredo rswlpl}dwlrq dojrulwkp 66
714 Lqwurgxfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 66
715 Edvlf dojrulwkp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 67
716 Sursrvhg dojrulwkp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 68
717 Whvw uhvxowv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 69

71714 Whuplqdwlrq fulwhulrq D 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6;
71715 Whuplqdwlrq fulwhulrq E 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6<

718 Frqfoxvlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 74

8 Dq lpsuryhg dojrulwkp iru vhw lqyhuvlrq 9<
814 Lqwurgxfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9<
815 Edvlf dojrulwkp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :3
816 Sursrvhg Dojrulwkp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :3

81614 Wkurzlqj sduwv ri er{ +WSE, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :3
81615 Wkh dojrulwkp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :5

817 Whvw h{dpsoh= Sro|qrpldo vwdelolw| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :5
818 Fdvh vwxg|= Vshhg frqwuro ri mhw hqjlqh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :6

81814 Yhuwh{0w|sh surfhgxuh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :6
81815 Rewdlqlqj frpshqvdwru sdudphwhuv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :7

819 Frqfoxvlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :9

9 D qhz uxoh iru elvhfwlrq gluhfwlrq vhohfwlrq ;4
914 Lqwurgxfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;4
915 Elvhfwlrq Gluhfwlrq Vhohfwlrq Uxohv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;5

91514 Uxoh D +Pd{lpxp zlgwk, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;5
91515 Uxoh E +Vfdohg pd{lpxp zlgwk, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;6
91516 Uxoh F +Pd{lpxp vphdu, 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;6

916 D qhz uxoh iru elvhfwlrq gluhfwlrq vhohfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;6
917 Dssolfdwlrq= whpsodwh jhqhudwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;7

91714 Udqnlqj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;8
91715 Dyhudjlqj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;9
91716 Shuirupdqfh sur�olqj 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;9
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918 Vxppdu| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;9
: Dq dojrulwkp iru urexvw vwdelolw| dqdo|vlv <6

:14 Lqwurgxfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <6
:15 Edfnjurxqg 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <7
:16 Sursrvhg dojrulwkp 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <7
:17 Dssolfdwlrq= pdvv0vsulqj0gdpshu 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <8
:18 Frqfoxvlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <9

; Frqfoxvlrqv <<
;14 Vxjjhvwlrqv iru ixwxuh zrun 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 435

D Whvw sureohpv xvhg lq fkdswhu 5 436

E Whvw sureohpv xvhg lq fkdswhu 6 43<

F Whvw sureohpv xvhg lq fkdswhu 9 444

G Lqwhuydo dqdo|vlv 448

Uhihuhqfhv 44:
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Olvw ri Iljxuhv

514 Shuirupdqfh sur�ohv ri wlph dqg pd{lpxp olvw ohqjwk iru % @ 43 � � = 1 1 1 1 1 49
515 Shuirupdqfh sur�ohv ri wlph dqg pd{lpxp olvw ohqjwk iru % @ 43 ��� = 1 1 1 1 1 49

714 Shuirupdqfh sur�oh sorwv iru qxpehu ri ixqfwlrq hydoxdwlrqv zlwk whuplqdwlrq
fulwhulrq D1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 76

715 Shuirupdqfh sur�oh sorwv iru  rsv zlwk whuplqdwlrq fulwhulrq D1 1 1 1 1 1 1 1 1 76
716 Shuirupdqfh sur�oh sorwv iru frpsxwdwlrqdo wlph +vhfrqgv, zlwk whuplqdwlrq

fulwhulrq D1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 77
717 Shuirupdqfh sur�oh sorwv iru pd{lpxp olvw ohqjwk zlwk whuplqdwlrq fulwhulrq D1 77
718 Shuirupdqfh sur�oh sorwv iru qxpehu ixqfwlrq hydoxdwlrqv zlwk whuplqdwlrq

fulwhulrq E1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 78
719 Shuirupdqfh sur�oh sorwv iru  rsv zlwk whuplqdwlrq fulwhulrq E1 1 1 1 1 1 1 1 1 78
71: Shuirupdqfh sur�oh sorwv iru frpsxwdwlrqdo wlph zlwk whuplqdwlrq fulwhulrq E1 79
71; Shuirupdqfh sur�oh sorwv iru pd{lpxp olvw ohqjwk zlwk whuplqdwlrq fulwhulrq E1 79

814 Sorw ri wkh grpdlq ri jxdudqwhhg urexvw vwdelolw| iru wkh sro|qrpldo h{dpsoh1 ::
815 Sorw ri wkh grpdlq ri lqghwhuplqdwh urexvw vwdelolw| iru wkh sro|qrpldo h{dpsoh1 ::
816 Eorfn gldjudp ri frpsuhvvru vshhg frqwuro orrs ri mhw hqjlqh1 1 1 1 1 1 1 1 1 1 :;
817 Sorw ri wkh grpdlq ri jxdudqwhhg urexvw vwdelolw| iru wkh vshhg frqwuro orrs ri

mhw hqjlqh1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :;
818 Sorw ri wkh grpdlq ri lqghwhuplqdwh urexvw vwdelolw| iru wkh vshhg frqwuro orrs

ri mhw hqjlqh1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :<
819 Uhvsrqvhv ri wkh frpsuhvvru vshhg frqwuro v|vwhp wr d xqlw vwhs lqsxw1 1 1 1 1 :<



{ Frqwhqwv

914 Shuirupdqfh sur�oh sorwv iru wkh qxpehu ri vroxwlrq er{hv dqg frpsxwdwlrqdo
wlph phwulfv1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;;

:14 Vfkhpdwlf uhsuhvhqwdwlrq ri wkh pdvv0vsulqj0gdpshu v|vwhp1 1 1 1 1 1 1 1 1 1 1 <:



Wklv lv sdjh {l
Sulqwhu= Rsdtxh w

Olvw ri Wdeohv

514 Shuirupdqfh frpsdulvrq ri dojrulwkpv iru @ 43 � � 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:
515 Shuirupdqfh frpsdulvrq ri dojrulwkpv iru % @ 43 ��� = 1 1 1 1 1 1 1 1 1 1 1 1 1 1 54
614 Frpsdulvrqv ri dojrulwkpv iru % @31341 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 63
615 Frpsdulvrqv ri dojrulwkpv iru % @313341 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 64
714 Udqnlqjv zlwk whuplqdwlrq fulwhulrq D1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7:
715 Vwdwlvwlfdo phdvxuhv zlwk whuplqdwlrq fulwhulrq D1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7:
716 Plqlpxp/ Phdq/ dqg Pd{lpxp ri Udwlrv dqg Shufhqw Uhgxfwlrqv zlwk whu0

plqdwlrq fulwhulrq D1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7:
717 Udqnlqjv zlwk whuplqdwlrq fulwhulrq E1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7;
718 Vwdwlvwlfdo phdvxuhv zlwk whuplqdwlrq fulwhulrq E1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7;
719 Plqlpxp/ Phdq/ dqg Pd{lpxp ri Udwlrv dqg Shufhqw Uhgxfwlrqv zlwk whu0

plqdwlrq fulwhulrq E1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7;
71: Ixqfwlrq hydoxdwlrqv iru edvlf dqg sursrvhg dojrulwkpv zlwk whuplqdwlrq ful0

whulrq D1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7<
71; Iorsv iru edvlf dqg sursrvhg dojrulwkpv zlwk whuplqdwlrq fulwhulrq D1 1 1 1 1 84
71< Frpsxwdwlrqdo wlph iru edvlf dqg sursrvhg dojrulwkpv zlwk whuplqdwlrq ful0

whulrq D1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 86
7143 Pd{lpxp olvw ohqjwk iru edvlf dqg sursrvhg dojrulwkpv zlwk whuplqdwlrq ful0

whulrq D1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 88
7144 Ixqfwlrq hydoxdwlrqv iru edvlf dqg sursrvhg dojrulwkpv zlwk whuplqdwlrq ful0

whulrq E1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 8:
7145 Iorsv iru edvlf dqg sursrvhg dojrulwkpv zlwk whuplqdwlrq fulwhulrq E1 1 1 1 1 8<
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7146 Frpsxwdwlrqdo wlph iru edvlf dqg sursrvhg dojrulwkpv zlwk whuplqdwlrq ful0
whulrq E1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 94

7147 Pd{plpxp olvw ohqjwk iru edvlf dqg sursrvhg dojrulwkpv zlwk whuplqdwlrq
fulwhulrq E1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 96

7148 Grpdlqv dqg frpsxwhg joredo plqlpxpv dqg plqlpl}huv zlwk whuplqdwlrq
fulwhulrq D1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 98

814 Shuirupdqfh frpsdulvrq ri vhw lqyhuvlrq dojrulwkpv iru fkdudfwhul}dwlrq ri wkh
grpdlq ri urexvw vwdelolw| iru d whvw sro|qrpldo1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;3

815 Shuirupdqfh frpsdulvrq ri vhw lqyhuvlrq dojrulwkpv iru wkh mhw hqjlqh frqwuro
sureohp1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ;3

914 Shuirupdqfh ri wkh sursrvhg elvhfwlrq uxoh ryhu gl�huhqw uxqv1 1 1 1 1 1 1 1 1 ;<
915 Frpsdulvrq ri wkh *ehvw elvhfwlrq gluhfwlrq* n iru wkh udqgrp er{ yhuvxv wkh

dfwxdo *ehvw elvhfwlrq gluhfwlrq* irxqg iru doo rwkhu er{hv lq wkh olvw ryhu ydulrxv
lwhudwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 <3

916 Qxpehu ri vroxwlrq er{hv rewdlqhg zlwk gl�huhqw elvhfwlrq uxohv1 1 1 1 1 1 1 1 <3
917 Frpsxwdwlrqdo wlph wdnhq zlwk gl�huhqw elvhfwlrq uxohv1 1 1 1 1 1 1 1 1 1 1 1 1 <4
918 Udqnlqj ri uxohv edvhg rq wkh qxpehu ri vroxwlrq er{hv1 1 1 1 1 1 1 1 1 1 1 1 <4
919 Udqnlqj ri uxohv edvhg rq wkh frpsxwdwlrqdo wlph wdnhq1 1 1 1 1 1 1 1 1 1 1 1 <4
91: Shufhqwdjh uhgxfwlrq rewdlqhg zlwk wkh sursrvhg uxoh ryhu h{lvwlqj uxohv1 1 1 <5



Frqwhqwv {lll

Olvw ri V|perov
D � dq lqwhuydo pdwul{
e � qxpehu ri vroxwlrq lqwhuydov +er{hv,
F � frpsoh{ sodqh
F � d vxeer{ iru zklfk i A 3 lv lqihdvleoh
g � d pdwul{
G � dq lqwhuydo pdwul{ lq ? �
G � +[, � phulw ixqfwlrq
i � uhdo ixqfwlrq
i � � Mdfreldq ri i�
i � wkh h{dfw udqjh ri i
ih � qxpehu ri ixqfwlrq hydoxdwlrqv
I � � lqfoxvlrq ixqfwlrq iru i �
I � lqfoxvlrq ixqfwlrq iru i
I � �	� � lqfoxvlrq ixqfwlrq iru skdvh dqjoh
I 
�� � � lqfoxvlrq ixqfwlrq iru pdjqlwxgh
jh � qxpehu ri judglhqw hydoxdwlrqv
J+[, � ghulydwlyh ri I
l> m � lqgh{hv
M � glphqvlrq ri wkh phulw ixqfwlrq
n � d frruglqdwh gluhfwlrq iru elvhfwlrq
o � � wkh ohqjwk ri olvw O dw d jlyhq lwhudwlrq
o � � � wkh +whpsrudu|,ohqjwk ri olvw O dw d jlyhq lwhudwlrq
O � olvw
O 
���� � vroxwlrq olvw
p+[, � plgsrlqw ri [
o>p>q � glphqvlrqv
q� � qxpehu ri whvw ixqfwlrqv
q 
 � qxpehu ri dojrulwkpv +vroyhuv,
po � pd{lpxp olvw ohqjwkP � vroxwlrq vhw
s � d whvw ixqfwlrqS � whvw vhw ri ixqfwlrqv
t � sdudphwhu yhfwru
T � � erxqglqj er{ iru t



{ly Frqwhqwv

u � udqn
u�	� 
 � shuirupdqfh udwlr
U � suhfrqglwlrqlqj pdwul{? � vhw ri doo uhdo qxpehuv
v � Odsodfh yduldeoh
w � wlph lq vhfrqgv
w�	� 
 � frpsxwlqj wlph uhtxluhg wr vroyh d whvw ixqfwlrq s e| dq dojrulwkp
y � > y � � plqlpxp ydoxh iru Y � dqg Y �
Y � >Y � � wkh vxeer{hv rewdlqhg e| elvhfwlrq
z+[, � zlgwk ri dq lqwhuydo [
[ � dq lqwhuydo +er{,
[ � � lqlwldo er{
[ � � udqgrp er{ iurp wkh olvw
} � wkh vhfrqg frpsrqhqw ri dq| sdlu lq olvw O
] � wkh �uvw frpsrqhqw ri dq| sdlu lq olvw O
� � qxpehu ri lwhudwlrqv iru zklfk A <3( ri wkh er{hv

lq wkh olvw iroorz d sduwlfxodu gluhfwlrq iru elvhfwlrqG � d vxevhw
% � ghvluhg dffxudf|
� � d er{ ri v|vwhp sdudphwhuv
� � v|vwhp sdudphwhu yhfwuruJ � whpsodwh ri d v|vwhp
� 
 +�, � Shuirupdqfh sur�oh
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Lqwurgxfwlrq

�Wkh lqwhuydo frqfhsw lv rq wkh
erughu olqh/ olqnlqj sxuh pdwkhpdwlfv
zlwk uhdolw| dqg sxuh dqdo|vlv zlwk
dssolhg dqdo|vlv1�

W1 Vxqdjd

Lqwhuydo dqdo|vlv hqdeohv wkh ghvljq ri dojrulwkpv wkdw gr wkh dssur{lpdwlrq dqg d uljrurxv
huuru dqdo|vlv lq d vlqjoh frpsxwdwlrq1 Zlwk lqwhuydo dssurdfkhv/ rqh fdq gluhfwo| ghdo zlwk
lqwhuydo vhwv frqwdlqlqj �qlwho| pdq| srlqwv/ dqg shuirup vhw rshudwlrqv vxfk dv xqlrqv/
lqwhuvhfwlrqv/ vxeglylvlrqv/ �qg frqyh{ kxoov/ whvw iru vhw lqfoxvlrq/ hwf1
Iluvw lqwurgxfhg e| Zdpxv ^;3` dqg Vxqdjd ^:7`/ wkh wxuqlqj srlqw lq wkh klvwru| ri lqwhuydo

dqdo|vlv fdph zlwk wkh dsshdudqfh ri Prruh*v errn ^7;`1 Vlqfh wkhq/ vhyhudo errnv dqg sdshuv
ghvfulelqj wkh hyroxwlrq ri wkh duhd kdyh dsshduhg/ vhh/ iru lqvwdqfh/ ^7`/ ^58`/ ^67`/ ^7<`/ ^95`/
dqg wkh uhihuhqfhv flwhg wkhuhlq1 Wkh wrrov ri lqwhuydo dqdo|vlv kdyh ehhq zlgho| dssolhg lq
glyhuvh duhdv ri hqjlqhhulqj dqg vflhqfhv vxfk dv frqwuro v|vwhpv/ hohfwulfdo flufxlwv/ �qdqfh/
vwuxfwxudo dqdo|vlv/ dqg urerwlfv1 Dq ryhuylhz ri wkh dssolfdwlrqv lv jlyhq lq ^64`/ ^69`/ dqg
^73`1
Rq wkh rwkhu kdqg/ wkh lqfuhdvlqj dydlodelolw| ri surfhvvruv zlwk dgydqfhg dufklwhfwxuh kdv

kdg d vljql�fdqw h�hfw rq doo vskhuhv ri vflhqwl�f frpsxwdwlrq/ lqfoxglqj dojrulwkp uhvhdufk
dqg vriwzduh ghyhorsphqw1 Prghuq frpsoh{ surfhvvruv zlwk pxowlsoh h{hfxwlrq xqlwv/ vxshu
vfdodu slsholqhg dufklwhfwxuhv/ yhu| orqj lqvwuxfwlrq zrug/ dqg yhfwru surfhvvlqj xqlwv/ hwf1/
fkdoohqjh rqh wr wdnh ixoo dgydqwdjh ri wkh surfhvvlqj fdsdelolwlhv1 Wrgd|/ jhqhudo0sxusrvh
surfhvvruv duh vr idvw wkdw wkh shuirupdqfh ri pdq| dssolfdwlrqv lv olplwhg e| wkh phpru|
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edqgzlgwk/ dqg qrw e| wkh surfhvvru vshhg1 Dgydqfhg fdfkh dufklwhfwxuhv duh dq dwwhpsw wr
ryhufrph wklv olplwdwlrq/ dqg surshu cyhfwrul}dwlrq* fdq eh wkh nh| wr d frvw0h�hfwlyh vrox0
wlrq1 Yhfwrul}dwlrq frqvlghudeo| uhgxfhv wkh iuhtxhqf| zlwk zklfk gdwd duh pryhg ehwzhhq
wkh gl�huhqw ohyhov ri wkh phpru| klhudufk| lq rughu wr dwwdlq kljk shuirupdqfh1 Frqvh0
txhqwo|/ ehwwhu pdqdjhphqw ri phpru| dqg ehwwhu fdfkh xwlol}dwlrq duh rewdlqhg wkurxjk
yhfwrul}dwlrq1
D gudzedfn zlwk h{lvwlqj edvlf lqwhuydo dqdo|vlv dojrulwkpv lv wkdw dowkrxjk wkh| duh uhol0

deoh dqg dffxudwh/ wkh| xvxdoo| h{hfxwh vorzo| iru cgl!fxow* sureohpv1 Wkh zrun lq wklv wkhvlv
sulpdulo| dgydqfhv yhfwrul}dwlrq dv d phdqv iru vshhglqj xs lqwhuydo dqdo|vlv dojrulwkpv1

414 Yhfwrul}dwlrq
Yhfwrul}dwlrq/ ru yhfwrul}hg surjudpplqj/ xvhv d vlqjoh vwdwhphqw wr dsso| dq rshudwlrq wr
hyhu| hohphqw ri d olvw ru dq duud|/ lq frqwudvw wr frqyhqwlrqdo vfdodu frgh wkdw lv d rqh0dw0d0
wlph surfhvv1 Lq d vfdodu frgh/ hdfk hohphqw pxvw �qlvk wkh �qdo vwhs ri surfhvvlqj ehiruh wkh
qh{w hohphqw fdq ehjlq wkh �uvw vwhs/ wkdw lv/ hdfk orrs lwhudwlrq ehjlqv zkhq wkh suhylrxv
lwhudwlrq hqgv1 Zlwk yhfwrul}hg frgh/ hdfk hohphqw ehjlqv wkh �uvw vwhs zkhq wkh suhylrxv
hohphqw �qlvkhv wkh �uvw vwhs udwkhu wkdq wkh �qdo vwhs1 Wkxv/ yhfwrul}dwlrq lv wkh surfhvv
e| zklfk pdq| frpprq dojrulwkpv fdq eh rswlpl}hg wr pd{lpl}h surfhvvru xwlol}dwlrq dqg
phpru| edqgzlgwk/ |lhoglqj pxfk pruh h!flhqw lpsohphqwdwlrqv ri wkh dojrulwkpv1

41414 Krz wr yhfwrul}hB
Wkh prvw frpprqo| xvhg dssurdfk lv wr zulwh d yhfwru oleudu|1 Wkh oleudu| ixqfwlrqv pd|
eh zulwwhq lq d kljk0ohyho odqjxdjh vxfk dv F ru IRUWUDQ/ ru hyhq lq dvvhpeo| odqjxdjh
iru d sduwlfxodu surfhvvru1 Wkh dssolfdwlrq surjudpphu wkhq xvhv yhfwrul}dwlrq lq klv ru khu
dssolfdwlrq e| fdoolqj wkhvh yhfwru oleudu| urxwlqhv1 Vxfk w|shv ri yhfwru oleudulhv duh dydlodeoh/
iru lqvwdqfh/ zlwk PDWODE ^7:`/ IRUWUDQ ^96`/ dqg SDVFDO 2 Ghoskl � 1

41415 Yhfwrul}dwlrq yv1 wudglwlrqdo surjudpplqj
Wkh GUDP lq d frpsxwlqj pdfklqh kdv wzr w|shv ri vhtxhqfhv wr dffhvv lwv frqwhqwv � =

41 Li wkh fxuuhqw dffhvv lv lq wkh vdph sdjh dv wkh suhylrxv dffhvv/ wkhq wkh phpru|
orfdwlrq fdq eh vhohfwhg yhu| udslgo|/ dqg wkh gdwd dffhvvhg srwhqwldoo| zlwkrxw zdlw
vwdwhv1
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51 Li wkh fxuuhqw dffhvv uhtxluhv vrph sdjh fkdqjh/ wkhq wkh sdjh pxvw eh vhohfwhg ehiruh
wkh orfdwlrq ri wkh sdjh1 Fkdqjlqj sdjhv olnh wklv wdnhv vhyhudo forfnv/ dqg lqgxfhv
zdlw vwdwhv1 Wkh wlph frqvxphg e| wkh zdlw vwdwhv fdq eh wzlfh wkh wlph xvhg wr
dfwxdoo| wudqvihu wkh gdwd1 Wklv zdlw surfhvv lv uhshdwhg xqwlo wkh hqwluh frpsxwdwlrq lv
shuiruphg1 Vxfk zdlw vwdwhv duh xqdyrlgdeoh lq qrupdo vfdodu nlqg ri surjudpplqj rq
wkh xvxdo ghvnwrs frpsxwhuv1 Wkh uhvxow lv wkdw dq hqruprxv dprxqw ri wlph lv qhhghg
wr ghdo zlwk vlplodu w|sh ri hohphqwv/ rqh e| rqh/ lq d orqj olvw ru duud|1

Wkh zdlw vwdwhv dffhvvlqj wkh gdwd iurp phpru| pxvw eh holplqdwhg li wkh shuirupdqfh ri
d fdofxodwlrq lv wr eh lpsuryhg1 Wklv lv grqh e| fkdqjlqj wkh rughu lq zklfk wkh rshudwlrqv
duh shuiruphg1 Li wkh surfhvvru zhuh wr suh0ihwfk doo ri wkh gdwd lq d yhfwru dw rqfh/ ordglqj lw
lqwr wkh O4 fdfkh/ wkhq wkh phpru| dffhvvhv zrxog whqg wr eh lq wkh vdph sdjh1 Zlwk d jrrg
phpru| frqwuroohu dqg d jrrg surfhvvru/ wkhvh phpru| dffhvvhv fdq wkhq eh shuiruphg zlwk
ihz/ dqg shukdsv qr/ zdlw vwdwhv1 Wkh gdwd zloo vwuhdp lqwr wkh surfhvvru dw wkh pd{lpxp
edqgzlgwk srvvleoh iurp wkh phpru|1
Wkh ryhudoo uhvxow lv d ixqfwlrq wkdw shuirupv idvwhu wkdq wkh ruljlqdo vfdodu frgh/ dv orqj

dv wkh vrxufh dqg ghvwlqdwlrq yhfwruv doo �w lqwr wkh O4 fdfkh vlpxowdqhrxvo|1 Li wkh| gr qrw
�w lqwr wkh fdfkh/ wkhq wkh fdfkh zloo vwduw wkudvklqj1 Iru h{dpsoh/ li hdfk lqglylgxdo yhfwru
lv odujhu wkdq wkh fdfkh/ ordglqj wkh yhfwru zloo glvfdug wkh suhylrxv yhfwru iurp fdfkh1 E|
wkh wlph wkh frpsxwdwlrq lv shuiruphg/ wkh ehkdylru ri wkh surfhvvru zloo uhyhuw edfn wr wkh
vfdodu fdvh/ dqg doo wkh zrun lqyroyhg lq dwwhpswlqj wr suh0ihwfk wkh gdwd hqgv xs ehlqj dq
ryhukhdg zlwkrxw dq| ehqh�w1 Dq dgglwlrqdo rswlpl}dwlrq lv srvvleoh wr ghdo zlwk wklv lvvxh1
Li wkh vrxufh dqg ghvwlqdwlrq yhfwruv gr qrw �w lqwr fdfkh/ wkh sureohp lv eurnhq grzq lqwr

slhfhv vr wkdw wkh slhfhv gr �w lqwr fdfkh/ li wkh pd{lpxp shuirupdqfh lv wr eh dfklhyhg1
Wklv whfkqltxh lv fdoohg �vwuls plqlqj�1 Wkh surfhvv lqyroyhg lv wr suh0ihwfk d sruwlrq ri wkh
vrxufh yhfwruv/ dqg pdnh urrp iru d sruwlrq ri wkh ghvwlqdwlrq yhfwru1 Wkh frpsxwdwlrq lv
shuiruphg/ dqg wkh uhvxow lv  xvkhg wr phpru|1 Wkhq/ wkh qh{w sruwlrqv ri wkh lqsxw dqg
rxwsxw yhfwruv duh vhw xs lq fdfkh/ wkh frpsxwdwlrq shuiruphg/ dqg wkh uhvxow  xvkhg wr
phpru|1 Wklv frqwlqxhv xqwlo wkh hqwluh frpsxwdwlrq lv shuiruphg1 Wkh yhfwru sruwlrqv duh
fdoohg �vwulsv�/ khqfh wkh qdph �vwuls plqlqj�1 Lghdoo|/ wkh vl}h ri wkh vwulsv lv frpsxwhg vr
wkdw wkh| mxvw �w lqwr wkh O4 fdfkh1 Li wkh vwuls vl}h lv wrr odujh/ wkh vwulsv zloo ryhu rz wkh
fdfkh/ lqgxflqj phpru| edqgzlgwk ryhukhdg1 Li wkh vwulsv duh wrr vpdoo/ dgglwlrqdo ryhukhdg
lv lqgxfhg iurp pdqdjlqj wkh vpdoohu vwulsv1 Ixuwkhu/ wkh srlqwhuv lqwr wkh yhfwruv pxvw eh
pdqdjhg fruuhfwo| wr surgxfh wkh fruuhfw uhvxow zlwk plqlpxp ryhukhdg1
Wkhuh duh dgglwlrqdo rswlpl}dwlrqv wkdw duh frqvlghuhg zkhq shuiruplqj d vhtxhqfh ru d

fkdlq ri yhfwru frpsxwdwlrqv1 Li lqwhuphgldwh uhvxowv fdq vwd| lq wkh fdfkh/ wkh| gr qrw wdnh
dq| phpru| edqgzlgwk dw doo zkhq wkh| duh xvhg odwhu lq frpsxwdwlrqv1 Lq dgglwlrq/ li d
yhfwru fdq vrphkrz jhw pdunhg dv whpsrudu| zkhq lw zloo qrw eh xvhg hovhzkhuh lq wkh
surjudp/ wkhq lw lv srvvleoh wr dyrlg xvlqj phpru| edqgzlgwk wr vwruh lw edfn lqwr phpru|
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e| lqydolgdwlqj wkrvh fdfkh olqhv1 Vwuls plqlqj dqg fduhixo fdfkh pdqlsxodwlrq fdq pdnh
gudpdwlf lpsuryhphqwv lq dssolfdwlrq shuirupdqfh1

41416 Dssolfdwlrqv ri yhfwrul}dwlrq
Yhfwrul}dwlrq kdv dssolfdwlrqv zkhuh vlplodu gdwd khog lq d olvw ru dq duud| duh wr eh surfhvvhg1
Vrph ri wkhvh dssolfdwlrqv duh lq gljlwdo vljqdo surfhvvlqj ^76`/ QPU gdwd surfhvvlqj ^56`/
fdofxodwlrq ri prohfxodu surshuwlhv edvhg rq txdqwxp phfkdqlfv ^54`/ qxphulfdo olqhdu dojheud
^4;`/ dqg ordg  rz dqdo|vlv ^5<`1 Wkhvh dssolfdwlrqv duh fkdudfwhul}hg e| kdylqj wkhlu gdwd
vwruhg lq frqwljxrxv phpru| orfdwlrqv dv yhfwruv ru duud|v/ dqg fdq eh rswlpl}hg wkurxjk
wkh xvh ri yhfwrul}dwlrq wr dfklhyh dgglwlrqdo shuirupdqfh jdlqv1 Dqrwkhu srwhqwldo xvh ri
yhfwrul}dwlrq lv lq wkh duhd ri lqwhuydo dqdo|vlv/ zkhuh lqwhuydov duh vwruhg lq d olvw1

41417 VLPG dqg yhfwrul}dwlrq
Uhfhqwo| ghyhorshg surfhvvruv lqfoxgh cVlqjoh Lqvwuxfwlrq/ Pxowlsoh Gdwd* +VLPG, frppdqgv
wkdw doorz frpsxwhuv wr gr vhyhudo pdwkhpdwlfdo frpsxwdwlrqv vlpxowdqhrxvo| ^<`/ ^;6`1 Iru
lqvwdqfh/ Prwrurod fklsv xvhg lq wkh Pdflqwrvk vhulhv kdyh DowlYhf lqvwuxfwlrqv/ LQWHO fklsv
vxssruw VVH dqg VVH5 lqvwuxfwlrqv/ zkloh DPG fklsv vxssruw 6GQrz$ lqvwuxfwlrqv1 Surjudpv
wkdw vxssruw wkhvh lqvwuxfwlrqv fdq srwhqwldoo| uxq pxfk pruh txlfno|1 Vrph frpslohuv/ vxfk
dv Yhfwru F A / duh deoh wr wds wkh srwhqwldo ri VLPG ihdwxuhv dydlodeoh zlwk wkh odwhvw vhulhv
ri plfursurfhvvruv1 Wkh kljk0shuirupdqfh LQWHO F..2IRUWUDQ frpslohu lv rqh ri wkh
�uvw frpphufldoo| dydlodeoh yhfwrul}lqj frpslohuv wkdw wdujhwv wkh vwuhdplqj0VLPG0h{whqvlrqv
+VVH2VVH5,1 D ghwdlohg ryhuylhz ri wkh yhfwrul}dwlrq whfkqltxhv xvhg e| wklv frpslohu fdq
eh irxqg lq ^43`1 Wklv nlqg ri dxwrpdwlf h{sorlwdwlrq ri VLPG idflolwlhv lq vlqjoh surfhvvru
pdfklqh xvlqj yhfwrul}dwlrq ohdgv wr d gh�qlwh lpsuryhphqw lq wkh vshhg dqg h!flhqf| ri
vflhqwl�f frpsxwdwlrqv1

415 Prwlydwlrq
Ryhu wkh odvw ghfdgh ru vr/ vhyhudo vriwzduh sdfndjhv dqg oleudulhv kdyh ehhq ghyhorshg wr
shuirup lqwhuydo dulwkphwlf dqg lpsuryh wkh dffxudf| dqg uholdelolw| ri qxphulfdo frpsx0
wdwlrqv/ vxfk dv LQWOLE ^68`/ LQWELV ^6:`/ LQWOLE ^68`/ SDVFDO0[VF ^6;`/ F0[VF ^75`/
SURILO2EODV ^6<` dqg LQWODE^9;`1 Wkh pdlq glvdgydqwdjh ri wkhvh vhoi ydolgdwlqj lqwhu0
ydo dqdo|vlv vriwzduh lv wkhlu vshhg1 Vlqfh dulwkphwlf rshudwlrqv duh vlpxodwhg lq vriwzduh/ d
wuhphqgrxv dprxqw ri ryhukhdg lv lqfxuuhg iru ixqfwlrq fdoov/ phpru| pdqdjhphqw/ huuru
dqg udqjh fkhfnlqj/ h{suhvvlrq pdqlsxodwlrq/ fkdqjlqj urxqglqj prghv/ h{fhswlrq kdqgolqj/
B ������ "! #$#�%&%&%(' 0�)*C8.� 8? >�5/' 0�)�1
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hwf1 Wkh ryhukhdg ohdgv wr dq lpsohphqwdwlrq ri lqwhuydo dulwkphwlf wkdw lv frqvlghudeo| vorz
wr h{hfxwh rq d frpsxwhu dufklwhfwxuh ghvljqhg wr kdqgoh rqo|  rdwlqj srlqw qxpehuv1
Wkh vshhg olplwdwlrq fdq eh vrphzkdw ryhufrph e| xvlqj vshfldo sxusrvh frsurfhvvruv

^:3` ru ixqfwlrqdo xqlwv ^55` wr ghdo zlwk lqwhuydo dulwkphwlf1 Sdudooho surfhvvlqj whfkqltxhv rq
pxowl0surfhvvru pdfklqhv fdq dovr eh h{sorlwhg wr vshhg xs lqwhuydo phwkrgv ^53`/ ^5;`/ ^78`/
^79`/ ^9<` dqg ^:5`1
Krzhyhu/ dv vlqjoh surfhvvru edvhg frpsxwlqj pdfklqhv vxfk dv ghvnwrs frpsxwhuv duh

pruh zlgho| xvhg/ lw zrxog eh dgydqwdjhrxv wr kdyh whfkqltxhv wkdw vshhg xs wkh dojrulwkp
rq vlqjoh surfhvvru pdfklqhv1 Lq wklv wkhvlv/ wkh irfxv lv rq dsso|lqj yhfwrul}dwlrq wr vshhg
xs vrph nh| lqwhuydo dqdo|vlv dojrulwkpv lpsohphqwhg rq qrupdo ghvnwrs frpsxwhuv zlwk
vlqjoh surfhvvruv1

416 Pdlq Frqwulexwlrqv
Doo edvlf lqwhuydo dojrulwkpv lqyroyh pdlqwhqdqfh ri d olvw ri er{hv wr eh surfhvvhg1 Dw hdfk
lwhudwlrq ri d w|slfdo lqwhuydo dqdo|vlv dojrulwkp/ er{hv duh slfnhg xs iurp wkh olvw/ rqh dw d
wlph/ dqg surfhvvhg1 Wkh lwhudwlrqv duh frqwlqxhg wloo wkh olvw ehfrphv hpsw| ru whuplqdwlrq
fulwhuld lv vdwlv�hg1
Lq wklv zrun/ yhfwrul}dwlrq lv sursrvhg dv d phdqv ri vshhglqj xs vrph edvlf lqwhuydo

dojrulwkpv1 Wkh lghd lv wr surfhvv doo wkh er{hv suhvhqw lq wkh olvw vlpxowdqhrxvo| dw hdfk
lwhudwlrq/ dqg xvh yhfwrul}dwlrq wr shuirup wkh ydulrxv wdvnv vxfk dv ixqfwlrq hydoxdwlrqv/
elvhfwlrq/ zlgwk fkhfnlqj/ hwf1 Wkh wrroer{ LQWODE ^9;` dqg wkh IRUWH IRUWUDQ <8
frpslohu ^96` duh xvhg iru yhfwrul}dwlrq ri lqwhuydo dulwkphwlf rshudwlrqv1 Ixuwkhu/ h{sorlwlqj
wkh ihdwxuh wkdw doo wkh er{hv lq d olvw duh ehlqj surfhvvhg / vrph dojrulwkplf fkdqjhv duh dovr
pdgh zkhuhyhu srvvleoh1

41614 Qrqolqhdu htxdwlrqv
Wkh lqwhuydo Qhzwrq dojrulwkp ^7;` uholdeo| frpsxwhv wr d suhvfulehg dffxudf| doo vroxwlrqv
ri d qrqolqhdu v|vwhp ri htxdwlrqv i +{, @ 3 iru d frqwlqxrxvo| gl�huhqwldeoh ixqfwlrq i =
? � $ ? � lq d jlyhq lqwhuydo yhfwru +ru er{, [ � 1 Lq wklv zrun/ zh suhvhqw d yhfwrul}hg yhuvlrq
ri wkh lqwhuydo Qhzwrq dojrulwkp1 Dv lv zhoo nqrzq/ lq hdfk lwhudwlrq ri wkh lqwhuydo Qhzwrq
dojrulwkp/ zh fkrrvh rqo| rqh er{ iurp wkh olvw iru surfhvvlqj1 Lq hdfk lwhudwlrq ri wkh
sursrvhg dojrulwkp/ zh fkrrvh doo er{hv iurp wkh olvw iru surfhvvlqj1 E| grlqj vr/ zh gr qrw
dowhu wkh hvvhqfh ri wkh lqwhuydo Qhzwrq dojrulwkp/ ehfdxvh lq dq| fdvh doo wkh er{hv lq wkh
olvw kdyh wr eh surfhvvhg vrrqhu ru odwhu1 Krzhyhu/ ehfdxvh qr er{ lv nhsw zdlwlqj lq wkh olvw
iru lwv wxuq +zklfk pd| frph diwhu pdq| lwhudwlrqv,/ dqg lqvwhdg hyhu| er{ lv surfhvvhg uljkw
dzd| lq wkh yhu| vdph lwhudwlrq/ zh h{shfw rxu vwudwhj| wr uhvxow lq d frqvlghudeoh vshhg0xs
ri wkh dojrulwkp1 Wr shuirup ixqfwlrq dqg judglhqw hydoxdwlrqv/ }hur h{foxvlrq fkhfnv/ Jdxvv
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0 Vhlgho vwhsv/ zlgwk fkhfnv/ dqg elvhfwlrqv rq doo er{hv lq dq lwhudwlrq/ zh xvh yhfwrul}hg
lqwhuydo dulwkphwlf rshudwlrqv1 Zh whvw dqg frpsduh wkh shuirupdqfhv ri wkh sursrvhg dqg
ruljlqdo dojrulwkpv rq d vhw ri wzhqw|0rqh whvw sureohpv1 Wkh whvw uhvxowv vkrz wkh sursrvhg
dojrulwkp wr eh frqvlghudeo| idvwhu +rq wkh dyhudjh/ pruh wkdq hohyhq wlphv idvwhu, dqg wr
uhtxluh ohvv phpru| dqg frpsxwdwlrqdo h�ruw wkdq wkh ruljlqdo lqwhuydo Qhzwrq dojrulwkp lq
doo sureohpv1

41615 Sdudphwhu 0 ghshqghqw htxdwlrqv
Qhxpdlhu ^94` sursrvhg wkh vr0fdoohg fryhulqj dojrulwkp iru hqforvlqj wkh vroxwlrq vhw ri
sdudphwhu 0 ghshqghqw v|vwhpv ri qrqolqhdu htxdwlrqv1 Krzhyhu/ lq Qhxpdlhu*v fryhulqj do0
jrulwkp rqo| rqh er{ lv surfhvvhg lq hdfk lwhudwlrq1 Vxfk surfhvvlqj lv lqkhuhqwo| vorz/ gxh
wr lwv vhtxhqwldo qdwxuh1 Rq wkh rwkhu kdqg/ lq hdfk lwhudwlrq ri wkh fryhulqj dojrulwkp lw lv
fohduo| srvvleoh wr vlpxowdqhrxvo| surfhvv doo er{hv wkdw duh suhvhqw +wklv fdq eh grqh zlwkrxw
dowhulqj lq dq| zd| wkh hvvhqfh ri wkh dojrulwkp,1 Wkh vwudwhj| uhvxowv lq juhdwo| vshhglqj
xs wkh dojrulwkp/ ehfdxvh doo er{hv suhvhqw lq hyhu| lwhudwlrq duh surfhvvhg vlpxowdqhrxvo|1
Zh fdoo wklv yhuvlrq ri wkh fryhulqj dojrulwkp dv wkh yhfwrul}hg fryhulqj dojrulwkp1 Wklv
zrun suhvhqwv d yhfwrul}hg yhuvlrq ri wkh fryhulqj dojrulwkp/ lq zklfk doo er{hv suhvhqw duh
surfhvvhg vlpxowdqhrxvo| lq hdfk lwhudwlrq1 Lw lv vkrzq wkurxjk vhyhudo h{dpsohv wkdw wkh
yhfwrul}hg dojrulwkp lv vljql�fdqwo| idvwhu +e| xs wr 5 rughuv ri pdjqlwxgh lq ghpdqglqj
sureohpv, wkdq wkh ruljlqdo dojrulwkp1

41616 Joredo rswlpl}dwlrq
D edvlf eudqfk dqg erxqg dojrulwkp ri lqwhuydo dqdo|vlv wr vroyh wkh xqfrqvwudlqhg joredo
rswlpl}dwlrq lv wkh Prruh0Vnhoerh dojrulwkp ^84`/ dxjphqwhg zlwk wkh plgsrlqw whvw ri Lfklgd
dqg Ixlml ^63` dqg wkh prqrwrqlflw| whvw ^98`1 Dowkrxjk wklv edvlf dojrulwkp lv uholdeoh/ lw lv
vrphwlphv vorz iru cgl!fxow* sureohpv1 Lq wklv zrun/ zh sursrvh vrph prgl�fdwlrqv wr vshhg
xs wkh edvlf lqwhuydo joredo rswlpl}dwlrq dojrulwkp/ dv iroorzv1

� Lq wkh edvlf dojrulwkp zh fkrrvh iru surfhvvlqj rqo| wkh �uvw er{ iurp wkh olvw dw hdfk
lwhudwlrq1 Lq wkh sursrvhg dojrulwkp/ zh fkrrvh dqg surfhvv doo er{hv iurp wkh olvw dw
hdfk lwhudwlrq1

� Xvlqj wkh idfw wkdw zh duh surfhvvlqj doo wkh er{hv vlpxowdqhrxvo|/ zh sursrvh wr xvh
d qhz fxw0r� whvw +dovr fdoohg dv wkh plgsrlqw whvw, lq wkh dojrulwkp1 Lq wkh edvlf
dojrulwkp/ wkh fxw0r� ydoxh lv wkh ixqfwlrq ydoxh dw wkh plgsrlqw ri wkh ohdglqj er{
dw hdfk lwhudwlrq1 Lq wkh sursrvhg dojrulwkp/ wkh fxw0r� ydoxh lv wkh plqlpxp ri wkh
ixqfwlrq ydoxhv dw wkh plgsrlqwv ri doo er{hv lq wkh olvw dw hdfk lwhudwlrq1 Khqfh/ wkh
qhz fxw0r� whvw lv h{shfwhg wr glvfdug pruh luuhohydqw er{hv dw hdfk lwhudwlrq1
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� Lq wkh edvlf dojrulwkp/ wkh prqrwrqlflw| whvw lv dssolhg wr wkh vxeer{hv rewdlqhg e|
elvhfwlrq ri wkh ohdglqj er{ dw hdfk lwhudwlrq1 Lq wkh sursrvhg dojrulwkp/ wkh prqrwrqlf0
lw| whvw lv dssolhg wr wkh vxeer{hv rewdlqhg e| elvhfwlrq ri doo er{hv lq wkh olvw dw hdfk
lwhudwlrq1

� Wr shuirup ixqfwlrq dqg judglhqw hydoxdwlrqv/ prqrwrqlflw| whvw/ fxw0r� whvw/ zlgwk
fkhfnv/ dqg elvhfwlrqv rq doo er{hv lq wkh olvw dw dq lwhudwlrq/ zh sursrvh wr xvh yhfwrul}hg
lqwhuydo dulwkphwlf rshudwlrqv1
Whvw uhvxowv rq d froohfwlrq ri �iw| vwdqgdug whvw ixqfwlrqv zlwk wzr gl�huhqw whupl0
qdwlrq fulwhuld vkrz wkdw wkh sursrvhg dojrulwkp xvhv dq| h{wud ixqfwlrq hydoxdwlrqv/
frpsxwdwlrqdo h�ruw/ dqg pd{lpxp olvw ohqjwk h�hfwlyho|/ |lhoglqj frqvlghudeoh vdylqjv
lq frpsxwdwlrqdo wlph1

41617 Vhw lqyhuvlrq
Zh suhvhqw dq dojrulwkp wr fkdudfwhul}h wkh vhw V @ �{ 5 ? � = i+{, A 3� @ i D � +`3>4^ 
 , lq
wkh iudph zrun ri vhw lqyhuvlrq xvlqj lqwhuydo dqdo|vlv1 Wkh sursrvhg dojrulwkp lpsuryhv rq
wkh dojrulwkp ri Mdxolq hw do1 ^64`1 Wkh lpsuryhphqwv h{sorlw wkh srzhuixo wrro ri prqrwrqlflw|1
Zh whvw dqg frpsduh wkh shuirupdqfh ri wkh sursrvhg dqg h{lvwlqj dojrulwkpv lq fkdudfwhul}0
lqj wkh grpdlqv ri urexvw vwdelolw| iru wzr sureohpv/ lqfoxglqj d fdvh vwxg| ri vshhg frqwuro ri
d mhw hqjlqh1 Wkh uhvxowv ri wkh whvwlqj lqglfdwh wkdw wkh sursrvhg dojrulwkp hqforvhv V pruh
dffxudwho| wkdq wkh h{lvwlqj rqh 0 phdqlqj wkdw lw jlyhv d odujhu uhjlrq iru zklfk wkh v|vwhp
vwdelolw| lv jxdudqwhhg dqg d vpdoohu uhjlrq iru zklfk wkh v|vwhp vwdelolw| lv lqghwhuplqdwh1
Wkh sursrvhg dojrulwkp dovr uhtxluhv ohvv vsdfh0frpsoh{lw|/ exw wdnhv pruh frpsxwdwlrqdo
wlph wkdq wkh h{lvwlqj dojrulwkp1

41618 Elvhfwlrq gluhfwlrq vhohfwlrq
D ixqgdphqwdo sureohp lq qxphulfdo dqdo|vlv lv wkdw ri frpsxwlqj wkh udqjh ri ydoxhv ri d
ixqfwlrq i rq d er{ [/ ghqrwhg dv �i +[,1 Vlqfh lq jhqhudo lw lv qrw srvvleoh wr frpsxwh wkh
h{dfw udqjh �i +[,/ zh wkhuhiruh frqvlghu wkh sureohp ri �qglqj dq lqwhuydo hqforvxuh ri �i +[,
zlwk d ghvluhg ghjuhh ri dffxudf| %1 D uhfhqwo| sursrvhg lqwhuydo dqdo|vlv edvhg dojrulwkp
iru udqjh frpsxwdwlrqv/ vkrzq wr eh xvxdoo| pruh h!flhqw wkdq rwkhu vlplodu dojrulwkpv/ lv
wkh rqh ri Qdwdudm dqg Vkhhod ^8;`1
Lq wklv zrun/ zh sursrvh d qhz ghulydwlyh iuhh uxoh iru elvhfwlrq gluhfwlrq vhohfwlrq lq

wkh deryh lqwhuydo dqdo|vlv dojrulwkp iru udqjh frpsxwdwlrqv1 Lq wkh sursrvhg uxoh/ dw hdfk
lwhudwlrq ri wkh dojrulwkp/ zh slfn d er{ udqgrpo| iurp wkh fxuuhqw olvw dqg dfwxdoo| �qg rxw
zklfk lv wkh cehvw elvhfwlrq gluhfwlrq* iru wkh udqgrp er{1 Zh wkhq wdnh wklv cehvw elvhfwlrq
gluhfwlrq* iru wkh udqgrp er{ dv dovr wkh cehvw elvhfwlrq gluhfwlrq* iru doo rwkhu er{hv ri fxuuhqw
olvw/ dqg elvhfw doo wkhvh er{hv lq wkh vdlg gluhfwlrq1 Wkh sklorvrsk| ehklqg wkh sursrvhg uxoh
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lv wkdw �wkh ehvw elvhfwlrq gluhfwlrq iru wkh udqgrp er{ ri fxuuhqw olvw lv olnho| wkh ehvw
elvhfwlrq gluhfwlrq iru doo rwkhu er{hv ri fxuuhqw olvw�1 Wkh shuirupdqfh ri wkh sursrvhg
uxoh lv wkhq frpsduhg zlwk wkrvh ri vhyhudo zlgho| xvhg elvhfwlrq gluhfwlrq vhohfwlrq uxohv
ri lqwhuydo dqdo|vlv rq d vxlwh ri whq uhdo0zruog sureohpv/ wdnhq iurp gl�huhqw hqjlqhhulqj
dssolfdwlrq duhdv1 Wkh shuirupdqfh hydoxdwlrq lv grqh lq wkh frqwh{w ri whpsodwh jhqhudwlrq
sureohp dulvlqj lq wkh TIW dssurdfk wr urexvw ihhgedfn v|vwhp v|qwkhvlv ^5:`1 Lw lv irxqg
wkdw/ rq wkh dyhudjh/ derxw 8;( uhgxfwlrq lq wkh qxpehu ri vroxwlrq er{hv dqg :6( uhgxfwlrq
lq frpsxwdwlrqdo wlph lv rewdlqhg zlwk wkh sursrvhg elvhfwlrq gluhfwlrq vhohfwlrq uxoh ryhu
h{lvwlqj uxohv1

41619 Urexvw vwdelolw| dqdo|vlv
Zh suhvhqw dq lqwhuydo dqdo|vlv dojrulwkp iru urexvw vwdelolw| dqdo|vlv ri sro|qrpldov zlwk
qrqolqhdu sdudphwulf ghshqghqflhv1 Wkh sursrvhg dojrulwkp lv edvhg rq dq lqwhuydo }hur h{fox0
vlrq whvw/ wkh udqgrp elvhfwlrq vwudwhj|/ dqg yhfwrul}dwlrq whfkqltxh1 Wkh sursrvhg dojrulwkp
lv dssolhg wr d pdvv0vsulqj0gdpshu v|vwhp zlwk d odujh qxpehu ri xqfhuwdlq sdudphwhuv/ dqg
irxqg wr yhuli| urexvw vwdelolw| lq txlfn wlph1

417 Rujdql}dwlrq ri wkh wkhvlv
Wkh uhvw ri wkh wkhvlv lv rujdql}hg dv iroorzv1 Lq fkdswhu 5/ zh suhvhqw d yhfwrul}hg yhuvlrq ri
wkh lqwhuydo Qhzwrq dojrulwkp iru vroylqj v|vwhpv ri qrqolqhdu htxdwlrqv1 Zh wkhq whvw dqg
frpsduh wkh shuirupdqfhv ri wkh sursrvhg dqg ruljlqdo dojrulwkpv rq d vhw ri wzhqw|0rqh
whvw sureohpv gudzq iurp ydulrxv �hogv1 Lq fkdswhu 6/ zh sursrvh d yhfwrul}hg yhuvlrq ri wkh
fryhulqj dojrulwkp iru vroylqj sdudphwhu 0 ghshqghqw v|vwhpv ri qrqolqhdu htxdwlrqv1 Zh vkrz
wkh vxshulrulw| ri wkh sursrvhg dojrulwkp wkurxjk vhyhudo h{dpsohv1 Lq fkdswhu 7/ zh sursrvh
d yhfwrul}hg yhuvlrq ri wkh edvlf Prruh 0 Vnhoerh dojrulwkp iru vroylqj wkh xqfrqvwudlqhg
qrqolqhdu joredo rswlpl}dwlrq sureohp1 Zh hydoxdwh lwv shuirupdqfh rq d froohfwlrq ri �iw|
vwdqgdug whvw ixqfwlrqv zlwk wzr gl�huhqw whuplqdwlrq fulwhuld1 Lq fkdswhu 8/ zh suhvhqw dq
lpsuryhg dojrulwkp iru vhw lqyhuvlrq yld lqwhuydo dqdo|vlv dqg ghprqvwudwh lwv fdsdelolwlhv
iru vshhg frqwuro ri d mhw hqjlqh1 Lq fkdswhu 9/ zh sursrvh d qhz uxoh iru elvhfwlrq gluhfwlrq
vhohfwlrq lq wkh frqwh{w ri udqjh �qglqj dojrulwkpv/ dqg dsso| lw wr jhqhudwh whpsodwhv ru
ydoxh vhwv iru whq uhdo0zruog v|vwhpv1 Lq fkdswhu :/ zh suhvhqw dq dojrulwkp iru urexvw vwdelolw|
dqdo|vlv ri frqwuro v|vwhpv dqg ghprqvwudwh lwv fdsdelolw| rq d 46 sdudphwhu pdvv 0vsulqj 0
gdpshu frqwuro v|vwhp1 Lq fkdswhu ;/ zh jlyhv wkh frqfoxvlrqv ri wkh suhvhqw zrun dqg vrph
vxjjhvwlrqv iru ixwxuh zrun1 Lq dsshqgl{ D/ E/ dqg F zh jlyh whvw sureohpv xvhg lq fkdswhuv
4/ 5 dqg 9 uhvshfwlyho|1 Dsshqgl{ G jlyhv qrwdwlrqv dqg gh�qlwlrqv ri vrph ri wkh whupv ri
lqwhuydo dqdo|vlv xvhg lq wklv wkhvlv1
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514 Lqwurgxfwlrq
Wkh sureohp ri �qglqj wkh vroxwlrq yhfwruv ri d v|vwhp ri qrqolqhdu htxdwlrqv lv dgguhvvhg lq
wklv fkdswhu1 Wkh lqwhuydo Qhzwrq dojrulwkp ^7;` �qgv doo vroxwlrqv ri d qrqolqhdu v|vwhp ri
htxdwlrqv i +{, @ 3 iru d frqwlqxrxvo| gl�huhqwldeoh ixqfwlrq i = ? � $ ? � lq d jlyhq lqwhuydo
yhfwru +ru er{, [ � � ? � 1
Lq wklv fkdswhu/ zh sursrvh d prgl�fdwlrq wkdw frqvlghudeo| vshhgv0xs wkh lqwhuydo Qhzwrq

dojrulwkp1 Dv lv zhoo nqrzq/ lq hdfk lwhudwlrq ri wkh lqwhuydo Qhzwrq dojrulwkp/ zh fkrrvh
rqo| rqh er{ iurp wkh olvw iru surfhvvlqj1 Lq hdfk lwhudwlrq ri wkh sursrvhg dojrulwkp/ zh
fkrrvh doo er{hv iurp wkh olvw dqg xvh yhfwrul}dwlrq iru surfhvvlqj1 Wklv lv wkh rqo| gl�huhqfh
ehwzhhq wkh sursrvhg dqg ruljlqdo dojrulwkpv/ dqg fohduo|/ lw grhv qrw dowhu wkh hvvhqfh ri
wkh dojrulwkp1
Zh dovr whvw dqg frpsduh wkh shuirupdqfhv ri wkh sursrvhg dqg ruljlqdo dojrulwkpv rq

wzhqw|0rqh sureohpv/ dqg vkrz wkh sursrvhg dojrulwkp wr eh frqvlghudeo| idvwhu +rq wkh
dyhudjh pruh wkdq hohyhq wlphv idvwhu, wkdq wkh ruljlqdo rqh lq doo h{dpsohv1

515 Edvlf dojrulwkp
Wkhuh duh vhyhudo yduldqwv dqg hpehoolvkphqwv ri wkh lqwhuydo Qhzwrq dojrulwkp/ vhh/ iru
lqvwdqfh/ ^7`/ ^57`/ ^59`/ ^67`/ ^95`1 Zh frqvlghu d prgho lqwhuydo Qhzwrq dojrulwkp wkdw kdv
wkh edvlf ihdwxuhv1
D Prgho Lqwhuydo Qhzwrq Dojrulwkp
Lqsxwv= wkh lqlwldo er{[ � / lqfoxvlrq ixqfwlrq ri wkh jlyhq ixqfwlrq dqg lwv Mdfreldq +ghqrwhg

uhvshfwlyho| dv I dqg I E ,/ dqg d sdudphwhu % wr fkhfn li wkh zlgwk ri d er{ lv vpdoo1
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Ehjlq Dojrulwkp

41 +Lqlwldol}dwlrq vwhs, = Lqlwldol}h olvw O @ �[ � � =

51 +Vwduw qhz lwhudwlrq zlwk d er{ iurp O, = Li wkh olvw O lv hpsw|/ jr wr vwhs ;1 Hovh/
fkrrvh d er{ iurp wkh olvw O/ ghqrwh lv dv fxuuhqw er{ [/ dqg uhpryh [ iurp O1

61 +Gr }hur h{foxvlrq whvw rq fxuuhqw er{, = Hydoxdwh wkh lqfoxvlrq ixqfwlrq I rq wkh er{
[1 Li 3 @5 I +[,/ glvfdug [/ dqg jr wr vwhs 51

71 +Vhw xs d olqhdu lqwhuydo htxdwlrq iru fxuuhqw er{/ dqg vroyh xvlqj wkh lqwhuydo Jdxvv0
Vhlgho phwkrg, =

+d, Frqvwuxfw wkh Mdfreldq pdwul{ I E +[,/ dqg wkh lqyhuvh plgsrlqw suhfrqglwlrqlqj
pdwul{ U @ ip +I E +[,,j D � / zkhuh p +=, ghqrwhv wkh plgsrlqw1

+e, Ilqg wkh plgsrlqw ri wkh er{ [ dv �{ @ p +[, > dqg hydoxdwh i dw h{=
+f, Xvlqj wkh lqwhuydo Jdxvv0Vhlgho +LJV, phwkrg ^67`/ ^95`/ vroyh wkh olqhdu lqwhuydo

htxdwlrq
UI E +[, +[� h{, @ �Ui +h{,

Wkh vroxwlrq rewdlqhg pd| eh hpsw|/ d vlqjoh er{/ ru vhyhudo er{hv +dv zkhq jdsv
dulvh lq rqh ru pruh vroxwlrq frpsrqhqwv,1

+g, Li wkh vroxwlrq lv hpsw|/ glvfdug [= Li wkh vroxwlrq lv d vlqjoh er{/ wkhq dgg wkh
plgsrlqw h{/ dqg uhsodfh [ zlwk wkh uhvxowlqj er{ dv fxuuhqw er{1 Li wkhuh duh
vhyhudo vroxwlrq er{hv/ gr olnhzlvh iru hdfk/ dqg ghqrwh wkhp dv fxuuhqw er{hv1

81 +Fkhfn er{ zlgwk dqg sulqw vroxwlrq, = Iru +hdfk, fxuuhqw er{ [/ gr wkh iroorzlqj1
Ilqg wkh zlgwk ri [> li wkh zlgwk grhv qrw h{fhhg %> sulqw rxw [ dv d vroxwlrq er{/ dqg
glvfdug lw1 Li qr er{hv uhpdlq/ uhwxuq wr vwhs 51

91 +Elvhfwlrq, = Iru +hdfk, fxuuhqw er{[/ elvhfw er{ dorqj wkh pd{lpxp zlgwk frruglqdwh
gluhfwlrq/ dqg hqwhu wkh uhvxowlqj vxeer{hv lqwr wkh olvw O1

:1 +Whuplqdwh fxuuhqw lwhudwlrq, = Jr wr vwhs 51

;1 H[LW dojrulwkp1

Hqg Dojrulwkp1
Uhpdun 514 Lq vwhsv 6 dqg 7/ zh glvfdug luuhohydqw sduwv ri wkh er{ xvlqj wkh }hur h{foxvlrq
whvw dqg wkh lqwhuydo Jdxvv0Vhlgho phwkrg1
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516 Sursrvhg dojrulwkp
Lq wkh prgho lqwhuydo Qhzwrq dojrulwkp/ lq hdfk lwhudwlrq zh fkrrvh rqo| rqh er{ iurp wkh olvw
O iru surfhvvlqj1 Rq wkh rwkhu kdqg/ lq hdfk lwhudwlrq zh fdq fkrrvh doo er{hv iurp wkh olvw iru
surfhvvlqj1 E| grlqj vr/ zh gr qrw dowhu wkh hvvhqfh ri wkh lqwhuydo Qhzwrq dojrulwkp/ ehfdxvh
lq dq| fdvh doo wkh er{hv lq wkh olvw kdyh wr eh surfhvvhg vrrqhu ru odwhu1 Krzhyhu/ ehfdxvh
qr er{ lv nhsw zdlwlqj lq wkh olvw iru lwv wxuq +zklfk pd| frph diwhu pdq| lwhudwlrqv,/ dqg
lqvwhdg hyhu| er{ lv surfhvvhg uljkw dzd| lq wkh yhu| vdph lwhudwlrq/ zh h{shfw rxu vwudwhj|
wr uhvxow lq d frqvlghudeoh vshhg0xs ri wkh dojrulwkp1
Wr shuirup ixqfwlrq dqg judglhqw hydoxdwlrqv/ }hur h{foxvlrq fkhfnv/ Jdxvv0Vhlgho vwhsv/

zlgwk fkhfnv/ dqg elvhfwlrqv rq doo er{hv lq dq lwhudwlrq/ zh xvh yhfwrul}hg lqwhuydo dulwkphwlf
rshudwlrqv1 Zh frxog kdyh dovr xvhg IRU orrsv wkdw uxq ryhu doo wkh er{hv wr gr wkh vdph
wklqjv/ exw zh iroorz ^7:` zklfk vwurqjo| dgyrfdwhv hpsor|phqw ri yhfwrul}dwlrq lqvwhdg ri
IRU orrsv zkhuhyhu srvvleoh1
Lq wkh iroorzlqj h{dpsoh/ zh looxvwudwh krz yhfwrul}hg ixqfwlrq hydoxdwlrq fdq eh grqh rq

doo er{hv iurp d olvw1
H{dpsoh 514 Frqvlghu/ iru h{dpsoh/ wkh 40 glphqvlrqdo ixqfwlrq lq ^94`

i +{ � > { � , @ { F � � { � { �� . { � � � { � { � � { ��
dqg vxssrvh zh zdqw wr hydoxdwh I ryhu doo er{hv iurp d olvw1 Wkhq/ xvlqj wkh qrwdwlrq ri
LQWODE +zklfk lv edvhg rq PDWODE,/ zh fdq gr wklv xvlqj wkh vlqjoh surjudp vwdwhphqw
I @ srzhu +[+=> 4,> 6,�[+=> 4,=�vtu +[+=> 5,,.vtu +[+=> 4,,�[+=> 4,=�[+=> 5,�vtu +[+=> 5,,
zkhuh/ [+=> 4, ghqrwhv [ � iru doo er{hv dqg [+=> 5, ghqrwhv [ � iru doo er{hv1 Wkh ixqfwlrq hydo0
xdwlrq ryhu doo wkh er{hv lv grqh zlwk wklv vwdwhphqw/ ehfdxvh wkh rshudwlrqv .> �> =�> vtu>dqg
srzhu duh shuiruphg hohphqw0zlvh ehwzhhq yhfwruv +fi1 ^7:`, dqg LQWODE ryhuordgv wkhvh ru0
glqdu| dulwkphwlf rshudwlrqv zlwk wkh fruuhvsrqglqj yhfwrul}hg lqwhuydo dulwkphwlf rshudwlrqv
^9;`1
Lq d vlplodu zd|/ zh fdq shuirup judglhqw hydoxdwlrqv/ zlgwk fkhfnv/ hwf1/ rq doo er{hv iurp

d olvw1
Zh qh{w suhvhqw rxu dojrulwkp wkdw lv edvhg rq wkh deryh lghd1
D yhfwrul}hg Lqwhuydo Qhzwrq Dojrulwkp
Ehjlq Dojrulwkp

41 +Lqlwldol}dwlrq vwhs, = Lqlwldol}h olvw O @ �[ � � =
51 +Vwduw qhz lwhudwlrq zlwk doo er{hv iurp O, = Li wkh olvw O lv hpsw|/ jr wr vwhs ;1 Hovh/

fkrrvh doo er{hv iurp wkh olvw O> dqg uhpryh wkhp iurp O1
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61 +Gr wkh }hur h{foxvlrq whvw rq doo er{hv, = Hydoxdwh wkh lqfoxvlrq ixqfwlrq I rq doo
er{hv/ dqg glvfdug doo wkrvh er{hv [ iru zklfk 3 @5 I +[,1 Li qr pruh er{hv uhpdlq/ jr
wr vwhs ;1

71 +Vhw xs olqhdu lqwhuydo htxdwlrqv iru doo er{hv/ dqg vroyh xvlqj wkh lqwhuydo Jdxvv0Vhlgho
phwkrg, =

+d, Frqvwuxfw wkh Mdfreldq pdwulfhv I E +[, dqg wkh lqyhuvh plgsrlqw suhfrqglwlrqlqj
U @ ip +I E +[,,j D � / iru doo er{hv1

+e, Ilqg wkh plgsrlqw h{ @ p +[, dqg hydoxdwh i +h{,/ iru doo er{hv1
+f, Dsso| wkh lqwhuydo Jdxvv0Vhlgho +LJV, phwkrg wr vroyh wkh fruuhvsrqglqj olqhdu

lqwhuydo htxdwlrq
UI E +[, +[� h{, @ �Ui +h{,

iru doo er{hv1
+g, Glvfdug doo wkrvh er{hv iru zklfk wkh fruuhvsrqglqj olqhdu lqwhuydo v|vwhpv duh

irxqg lqfrpsdwleoh +l1h1/ vroxwlrq vhw lv hpsw|,1 Li qr pruh er{hv uhpdlq/ jr wr
vwhs ;1 Hovh/ dgg wkh uhvshfwlyh plgsrlqw h{ wr hdfk vroxwlrq er{/ dqg surfhhg zlwk
wkhvh dv wkh fxuuhqw er{hv1

81 +Fkhfn zlgwkv ri doo er{hv dqg sulqw vroxwlrqv, = Ilqg wkh zlgwkv ri doo er{hv1 Sulqw doo
wkrvh er{hv zkrvh zlgwkv gr qrw h{fhhg % dqg glvfdug wkhp1 Li qr pruh er{hv uhpdlq/
jr wr vwhs ;1

91 +Elvhfw doo er{hv lqwr wzr vxeer{hv hdfk, = Ilqg wkh pd{lpxp zlgwk frruglqdwh gl0
uhfwlrqv iru doo er{hv/ dqg elvhfw wkh er{hv dorqj wkh uhvshfwlyh gluhfwlrqv1 Hqwhu wkh
uhvxowlqj vxeer{hv lqwr wkh olvw O1

:1 +Whuplqdwh fxuuhqw lwhudwlrq, = Jr wr vwhs 51
;1 H[LW dojrulwkp1

HQG Dojrulwkp1

517 Whvw uhvxowv
Zh frqvlghu vrph whvw sureohpv iru frpsdulqj wkh shuirupdqfhv ri wkh sursrvhg dqg prgho
lqwhuydo Qhzwrq dojrulwkpv1 Wkh whvw sureohpv frqvlghuhg duh olvwhg lq wkh Dsshqgl{ D1 Zh
fduu| rxw doo frpsxwdwlrqv rq d vlqjoh surfhvvru SF2Shqwlxp0LLL ;33 PK} pdfklqh zlwk 589
PE UDP xvlqj yhuvlrq 6 ri LQWODE ^9;`1
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Wdeohv 514 dqg 515 jlyh wkh uhvxowv iru wkh ydulrxv whvw sureohpv iru wzr ydoxhv ri %/ wkdw
lv/ % @ 43 D � dqg 43 D � 1 Zh xvh wkh iroorzlqj h!flhqf| phdvxuhv +wkh qrwdwlrq xvhg iru wkh
hqwulhv lq wkh wdeohv lv jlyhq lq eudfnhwv, =

� Frpsxwdwlrqdo wlph lq vhfrqgv +w,
� Qxpehu ri vroxwlrq er{hv +e,
� Pd{lpxp olvw vl}h +po,
� Qxpehu ri ixqfwlrqdo hydoxdwlrqv +ih,
� Qxpehu ri judglhqw hydoxdwlrqv +jh,
� Qxpehu ri  rdwlqj rshudwlrqv + rsv,

Iurp wkh uhvxowv jlyhq lq wkh Wdeohv/ zh pdnh wkh iroorzlqj revhuydwlrqv=

41 Lq doo h{dpsohv/ wkh qxpehu ri vroxwlrq er{hv rewdlqhg lv wkh vdph zlwk hlwkhu dojrulwkp1
51 Lq doo h{dpsohv/ wkh qxpehu ri ixqfwlrq hydoxdwlrqv lv wkh vdph lq hlwkhu dojrulwkp1
61 Lq doo h{dpsohv/ wkh qxpehu ri judglhqw hydoxdwlrqv lv wkh vdph lq hlwkhu dojrulwkp1
71 Lq doo h{dpsohv/ wkh pd{lpxp olvw vl}h lv voljkwo| ohvv lq wkh sursrvhg dojrulwkp1
81 Lq doo h{dpsohv/ wkh frpsxwdwlrqdo h�ruw +lq whupv ri  rsv, lv voljkwo| ohvv lq wkh sur0

srvhg dojrulwkp1 Wklv fdq eh dwwulexwhg wr wkh idfw wkdw lq LQWODE/ lqwhuydo dulwkphwlf
dqg vorshv duh grqh e| rshudwru ryhuordglqj/ zklfk lqfxuv vxevwdqwldo ryhukhdg1 Wklv
ryhukhdg lv qhhghg rqfh iru hdfk er{ lq wkh prgho dojrulwkp/ exw rqo| rqfh shu lwhudwlrq
lq wkh yhfwrul}hg yhuvlrq ^93`1

91 Lq doo h{dpsohv/ wkh yhfwrul}hg dojrulwkp lv frqvlghudeo| idvwhu wkdq wkh prgho dojr0
ulwkp1

� Uhjduglqj wkh vshhg0xs idfwru rewdlqhg zlwk wkh sursrvhg dojrulwkp uhodwlyh wr wkh
prgho dojrulwkp = Wkh plqlpxp vshhg0xs lv 418 dqg rffxuv iru sureohp Wrroer{51
Wkh pd{lpxp vshhg0xs lv 551; dqg rffxuv iru sureohp Qhxur91 Wkh dyhudjh vshhg0
xs ryhu doo h{dpsohv lv derxw 44=5 zlwk hlwkhu dffxudf| 1

� Uhjduglqj wkh shufhqwdjh uhgxfwlrq lq frpsxwdwlrqdo wlph rewdlqhg zlwk wkh yhf0
wrul}hg dojrulwkp uhodwlyh wr wkh prgho dojrulwkp = Wkh plqlpxp uhgxfwlrq lv
64=;( dqg rffxuv iru sureohp Wrroer{51 Wkh pd{lpxp uhgxfwlrq lv <8=9( dqg
rffxuv iru sureohp Qhxur91Wkh dyhudjh uhgxfwlrq ryhu doo h{dpsohv lv derxw ;7=:(
zlwk hlwkhu dffxudf|1
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� D uhgxfwlrq lq wlph deryh ;8( lv rewdlqhg lq prvw sureohpv1

Uhpdun 515 Zh qrwh wkdw wkh yhfwrul}hg dojrulwkp dfklhyhv vljql�fdqw vshhg0xsv hyhq rq
ruglqdu| ghvnwrs SFv +dv lq rxu whvwv,1 Wkhuh lv qr uhtxluhphqw iru dq| sdudooho ru yhfwru
surfhvvruv1
Uhpdun 516 Wkh dfwxdo vshhg0xs idfwru dqg uhgxfwlrq lq frpsxwdwlrqdo wlph shukdsv ydu|
frqvlghudeo| zlwk wkh frpsxwlqj hqylurqphqw xvhg/ dqg pd| eh ohvv frqvslfxrxv lq surjudp0
plqj odqjxdjhv zkhuh frqwuro vwuxfwxuhv duh pruh h!flhqwo| lpsohphqwhg wkdq lq PDWODE1

51714 Shuirupdqfh sur�ohv
Shuirupdqfh sur�oh lv sursrvhg dv d wrro iru hydoxdwlqj dqg frpsdulqj shuirupdqfh ri do0
jrulwkpv lq ^4:`1 Wkh shuirupdqfh sur�oh iru dq dojrulwkp lv wkh +fxpxodwlyh, glvwulexwlrq
ixqfwlrq iru d shuirupdqfh phwulf1 Shuirupdqfh sur�ohv holplqdwh wkh lq xhqfh ri d vpdoo
qxpehu ri sureohpv rq wkh �qdo hydoxdwlrq frqfoxvlrqv1
Iru frpsxwdwlrqdo wlph dv wkh shuirupdqfh phwulf/ shuirupdqfh sur�ohv fdq eh jhqhudwhg

dv iroorzv1 Ohw S eh wkh whvw vhw ri ixqfwlrqv/ q 
 eh wkh qxpehu ri dojrulwkpv dqg q� eh wkh
qxpehu ri ixqfwlrqv1 Iru hdfk whvw ixqfwlrq s dqg dojrulwkp v/ gh�qh

w�"� 
 @ frpsxwlqj wlph uhtxluhg wr vroyh d whvw ixqfwlrq s e| dojrulwkp v
Wkh shuirupdqfh udwlr iru frpsxwdwlrq wlph lv fdofxodwhg dv

u�"� 
 @ w�	� 

plq iw�"� 
 = 4 � v � q 
 j

Zh fkrrvh d sdudphwhu u G � u�"� 
 iru doo s> v> vxfk wkdw u�	� 
 @ u G li dqg rqo| li dojrulwkp
grhv qrw vroyh wkh whvw ixqfwlrq s= Qrz/ wkh shuirupdqfh sur�oh iru frpsxwlqj wlph fdq eh
gh�qhg dv

� 
 +� , @ 4
q� vl}h is 5 S = u�"� 
 � �j

Vlploduo|/ shuirupdqfh sur�ohv iru dq| shuirupdqfh phwulf fdq eh gh�qhg1
Wkh iroorzlqj revhuydwlrqv duh pdgh iurp wkh shuirupdqfh sur�oh sorwv frpsxwhg iru wlph

dqg pd{lpxp olvw ohqjwk h!flhqf| phdvxuhv +vhh Iljxuhv 514 dqg 515,1
Frpsxwdwlrqdo wlph dqg pd{lpxp olvw ohqjwk1
Shuirupdqfh sur�oh sorwv iru frpsxwdwlrqdo wlph lq Iljxuhv 514 dqg 515 vkrz wkdw wkh sur0
srvhg dojrulwkp lv deoh wr vroyh doo wkh sureohpv iru � @ 4> dqg wkh edvlf dojrulwkp vroyhv doo
wkh sureohpv iru � ? 58> xvlqj erwk wkh dffxudflhv1 Shuirupdqfh sur�oh sorwv iru pd{lpxp
olvw ohqjwk Iljxuhv 514 dqg 515 vkrz wkdw erwk wkh dojrulwkp uhtxluh doprvw vdph pd{lpxp
olvw ohqjwkv1
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518 Frqfoxvlrqv
D yhfwrul}hg lqwhuydo Qhzwrq dojrulwkp zdv sursrvhg iru vroylqj �qlwh0glphqvlrqdo v|vwhpv
ri qrqolqhdu htxdwlrqv1 Lw zdv ghprqvwudwhg wkurxjk vhyhudo whvw h{dpsohv wkdw wkh sursrvhg
dojrulwkp zdv frqvlghudeo| idvwhu/ rq wkh dyhudjh/ pruh wkdq hohyhq wlphv idvwhu wkdq wkh
prgho dojrulwkp1
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ILJXUH 5141 Shuirupdqfh sur�ohv ri wlph dqg pd{lpxp olvw ohqjwk iru % @ 43 HJI =
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Proposed algo.
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ILJXUH 5151 Shuirupdqfh sur�ohv ri wlph dqg pd{lpxp olvw ohqjwk iru % @ 43 HLK =
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WDEOH 5141 Shuirupdqfh frpsdulvrq ri dojrulwkpv iru @ 43 HJI 1
V1Qr Sureohp o Vroq Prgho Sursrvhg Vshhg0xs Shufhqwdjh

Dojrulwkp Dojrulwkp idfwru uhgxfwlrq lq wlph
4 Wrroer{4 5 w 41:9 3174 715< :91:6(

e 5 5
po 46 45
ih 7: 7:
jh 7: 7:
 rsv 54/8;3 4;/:93

5 Wrroer{5 5 w 3154 3147 418 6616(
e 4 4
po 6 5
ih 47 47
jh : :
 rsv 5;;9 5;38

6 Kdqvhq4 5 w 4196 3185 6146 9;14(
e 5 5
po 4< 49
ih 44: 44:
jh 73 73
 rsv 4:/<83 49/8<3

7 Orwnd6 6 w 48164 418: <1:9 ;<1:8(
e : :
po ;; ;7
ih :;7 :;7
jh 5<8 5<8
 rsv 597/448 57:/995

8 Uhgl�6 6 w 416: 317; 617 :31;(
e 5 5
po 46 45
ih :9 :9
jh 64 64
 rsv 58/33: 56/;9:

9 Uhgf|f7 7 w 5;915< 461;; 53196 <8148(
e 8 8
po 875 865
ih <8;< <8;<
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Wdeoh 514 +Frqwg1,
V1Qr Sureohp o Vroq Prgho Sursrvhg Vshhg0xs Shufhqwdjh

Dojrulwkp Dojrulwkp idfwru uhgxfwlrq lq wlph
9 Uhgf|f7 7 jh 678; 678;

 rsv 8/:57/7<7 8/799/498
: Oruhqw}7 7 w 48198 61:9 7149 :81<:(

e 5 5
po 54 4;
ih :56 :56
jh 595 595
 rsv 6:3/;75 687/9;<

; txdg7 7 w 45174 4177 ;194 ;;17(
e 4 4
po 9: 95
ih 835 835
jh 4;6 4;6
 rsv 5;:/8;9 593/:66

< Orwnd8 8 w 9::1;6 6718 4<198 <71<4(
e 6 6
po 43:5 433;
ih 47737 47737
jh 956< 956<
 rsv 4:/<88/355 49/784/785

43 Hfr8 8 w 4<167 515 ;1:< ;;195(
e 5 5
po 94 8;
ih 967 967
jh 56< 56<
 rsv 89;/:86 89;/:86

44 Zuljkw8 8 w 4:1:4 41<< ;1;< ;;1:9(
e 9 9
po 8; 8;
ih 95; 95;
jh 564 564
 rsv 85:/;;4 83:/<:9
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Wdeoh 514 +Frqwg1,
V1Qr Sureohp o Vroq Prgho Sursrvhg Vshhg0xs Shufhqwdjh

Dojrulwkp Dojrulwkp idfwru uhgxfwlrq lq wlph
45 Uhghfr8 8 47<17; <1<4 4814 <7(

e 7 7
po 45; 449
ih 8:77 8:77
jh 5464 5464
 rsv 7/;6;/473 7/95;/579

46 Qhxur9 9 w 658154 47166 551:4 <819(
e 4 4
po ;8< ;39
ih :;95 :;95
jh 5;<< 5;<<
 rsv 44/978/;3< 43/<63/858

47 Wulqn 9 w ;8;1:5 79149 4;19 <7195(
e 5 5
po 4<39 4;49
ih 56:;5 56:;5
jh :846 :846
 rsv 5:/756/594 59/6<6/<6;

48 Uhghfr9 9 w <4165 818: 4916< <61<(
e 7 7
po 657 64;
ih 5;57 5;57
jh 443< 443<
 rsv 6/9;8/5:7 6/89;/9;;

49 Kdqvhqv 9 w 4713; 6166 7155 :916;(
e 4 4
po 65 65
ih 558 558
jh <; <;
 rsv 737/<<; 6<7/46<
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Wdeoh 514 +Frqwg1,
V1Qr Sureohpv o Vroq Prgho Sursrvhg Vshhg0xs Shufhqwdjh

Dojrulwkp Dojrulwkp idfwru uhgxfwlrq lq wlph
4: V|vwhpv; ; w 45::17 ;717< 48144 <617(

e 7 7
po 4484 43;3
ih 63/:76 63/:76
jh 44/38; 44/38;
 rsv :5/;93/744 :4/6:7/3;:

4; Urerw ; w 531:; 5139 :1<< ;:17<(
e 49 49
po 89 89
ih 76; 76;
jh 488 488
 rsv 4/396/799 4/374/794

4< Nlqhpd < w <36148 951<6 47168 <6136(
e 5 5
po <97 <65
ih 49767 49767
jh 98<8 98<8
 rsv 8;/6;4/438 8:/7<4/;7<

53 Nx43 43 w 59481: 66515: :1;: ;:16(
e 5 5
po 65<8 6445
ih 77<6: 77<6:
jh 499:; 499:;
 rsv 4:</33</337 4:9/839/45:

54 Vsduvhg4 45 w 6381:4 49154 4;1;9 <71:(
e 4 4
po 643 5<7
ih 7<5: 7<5:
jh 4;6; 4;6;
 rsv 65/;<7/479 65/859/;35

Dyhudjh 4415 ;71;(



518 Frqfoxvlrqv 54

WDEOH 5151 Shuirupdqfh frpsdulvrq ri dojrulwkpv iru % @ 43 HLK =
V1Qr Sureohpv o Vroq Prgho Sursrvhg Vshhg0xs Shufhqwdjh

Dojrulwkp Dojrulwkp idfwru uhgxfwlrq lq wlph
4 Wrroer{4 5 w 41:< 316< 718< :;154(

e 5 5
po 46 45
ih 7: 7:
jh 7: 7:
 rsv 54/8;3 4;/:93

5 Wrroer{5 5 w 3155 3148 418 641;5(
e 4 4
po 6 5
ih 47 47
jh : :
 rsv 5;;9 5;38

6 Kdqvhq4 5 w 515: 319< 615; 9<19(
e 5 5
po 4< 49
ih 498 498
jh 89 89
 rsv 58/479 56/546

7 Orwnd6 6 w 49169 4186 4319< <3198(
e : :
po ;; ;7
ih :<5 :<5
jh 5<< 5<<
 rsv 59:/755 583/:87

8 Uhgl�6 6 w 4169 317: 51;< 9817(
e 5 5
po 46 45
ih :9 :9
jh 64 64
 rsv 58/33: 56/;9:

9 Uhgf|f7 7 w 633144 4815< 4<196 <71<4(
e 8 8
po 875 865
ih <<74 <<74



55 51 Rq vshhglqj xs wkh lqwhuydo Qhzwrq dojrulwkp

Wdeoh 515 +Frqwg1,
V1Qr Sureohpv o Vroq Prgho Sursrvhg Vshhg0xs Shufhqwdjh

Dojrulwkp Dojrulwkp idfwru uhgxfwlrq lq wlph
9 Uhgf|f7 7 jh 68;7 68;7

 rsv 8/<67/<87 8/99;/677
: Oruhqw}7 7 w 531<; 8164 61<8 :719<(

e 5 5
po 54 4;
ih <:9 <:9
jh 688 688
 rsv 835/833 7;3/;;<

; txdg7 7 w 451<4 418 ;194 ;;17(
e 4 4
po 9: 95
ih <:9 <:9
jh 4<4 4<4
 rsv 5<</639 5:4/859

< Orwnd8 8 w 9;:195 6:149 4;18 <719(
e 6 6
po 43:5 433;
ih 47<35 47<35
jh 9746 9746
 rsv 4;/7<3/3<; 49/<68/69<

43 Hfr8 8 w 5413: 515 <17< ;<179(
e 5 5
po 94 8;
ih 96: 96:
jh 573 573
 rsv 8:4/556 884/838

44 Zuljkw8 8 w 4;13; 5134 ;1<< ;;1;;(
e 9 9
po 8; 8;
ih 976 976
jh 56; 56;
 rsv 875/<69 855/8:9



518 Frqfoxvlrqv 56

Wdeoh 515 +Frqwg1,
V1Qr Sureohpv o Vroq Prgho Sursrvhg Vshhg0xs Shufhqwdjh

Dojrulwkp Dojrulwkp idfwru uhgxfwlrq lq wlph
45 Uhghfr8 8 w 53<1<: 4616: 481: <6196(

e 7 7
po 45; 449
ih :<54 :<54
jh 5<6; 5<6;
 rsv 9/9:6/859 9/6;6/5;8

46 Qhxur9 9 w 659168 4715< 551;7 <8195(
e 4 4
po ;8< ;39
ih :;99 :;99
jh 5<34 5<34
 rsv 44/986/466 43/<6:/:49

47 Wulqn 9 w ;9816; 7:136 4;17 <718:(
e 5 5
po 4<39 4;49
ih 56:;9 56:;9
jh :848 :848
 rsv 5:/763/3;3 59/733/85<

48 Uhghfr9 9 w <5198 8178 4: <7145(
e 7 7
po 657 64;
ih 5;65 5;65
jh 4446 4446
 rsv 6/9<;/386 6/8;4/3;:

49 Kdqvhqv 9 w 47184 6176 7156 :9169(
e 4 4
po 65 65
ih 55< 55<
jh 433 433
 rsv 745/<39 734/<:3



57 51 Rq vshhglqj xs wkh lqwhuydo Qhzwrq dojrulwkp

Wdeoh 515 +Frqwg1,
V1Qr Sureohpv o Vroq Prgho Sursrvhg Vshhg0xs Shufhqwdjh

Dojrulwkp Dojrulwkp idfwru uhgxfwlrq lq wlph
4: V|vwhpv; ; w 45;618 ;8198 471<; <6166(

e 7 7
po 4484 43;3
ih 63:87 63:87
jh 44396 44396
 rsv :5/;<5/5:7 :5/;<5/5:7

4; Urerw ; w 55136 513; 4318< <3189(
e 49 49
po 89 89
ih 795 795
jh 496 496
 rsv 4/44;/;89 4/3<8/8:4

4< Nlqhpd < w <4517 9618< 47168 <6136(
e 5 5
po <97 <65
ih 49767 49767
jh 98<8 98<8
 rsv 8;/6;4/438 8:/7<4/;7<

53 Nx43 43 w 593614 664166 :1;: ;:16(
e 5 5
po 65<8 6445
ih 77<74 77<74
jh 499;3 499;3
 rsv 4:</35</;<7 4:9/859/:5;

54 Vsduvhg4 45 w 63:16 481<; 4<156 <71;(
e 4 4
po 643 5<9
ih 7<68 7<68
jh 4;75 4;75
 rsv 65/<94/4;6 65/8<6/764

Dyhudjh 4416 ;71:6(



Wklv lv sdjh 58
Sulqwhu= Rsdtxh w

6
Rq vshhglqj xs wkh fryhulqj dojrulwkp

614 Lqwurgxfwlrq
Wklv fkdswhu dgguhvvhv wkh sureohp ri �qglqj lq d jlyhq er{ doo vroxwlrqv ri d qrqolqhdu
v|vwhp zlwk pruh yduldeohv wkdq htxdwlrqv1 Wklv sureohp lv fohduo| ri d eurdg vfrsh dqg kdv
qxphurxv dssolfdwlrqv lq hqjlqhhulqj dqg vflhqfhv1
Wkh sureohp fdq vrphwlphv eh vroyhg e| rqh ri wkh iroorzlqj phwkrgv ^65` = +l, udqgrp

vhdufk/ +ll, dq h{kdxvwlyh julg vhdufk rq wkh jlyhq er{/ +lll, pruh vshfldol}hg ru dg krf
phwkrgv/ vxfk dv wkh Mhqnlqv0Wudxe phwkrg iru �qglqj doo urrwv ri d vlqjoh sro|qrpldo/ dqg
+ly, krprwrs| frqwlqxdwlrq phwkrgv ^87`1 Wkh uhdghu lv uhihuuhg wr ^65`/ ^66` iru d glvfxvvlrq
dqg frpsdulvrq ri wkhvh phwkrgv1
Lq wkh iudph zrun ri lqwhuydo dqdo|vlv / Qhxpdlhu sursrvhg wkh vr0fdoohg fryhulqj dojrulwkp

^94` wr vroyh wkh sureohp1 Frqvlghu d �qlwh0glphqvlrqdo v|vwhp ri qrqolqhdu htxdwlrqv ri wkh
irup

i +{, @ 3 +614,
zkhuh i lv d ixqfwlrq gh�qhg rq d vxevhwG � ? M zlwk ydoxhv lq ? N /p � o1 Li i lv frqwlqxrxvo|
gl�huhqwldeoh lq G dqg i O +{, kdv udqn p iru doo { lq d qhljkerukrrg ri wkh vroxwlrq vhw

P @ i{ 5 G mi +{, @ 3j
wkhq wkh vroxwlrq vhw P ri +614, lv d s0glphqvlrqdo pdqlirog lq ? M / s @ o �p= Wkh yhfwru {
ri yduldeohv riwhq frqwdlqv s glvwlqjxlvkhg yduldeohv/ fdoohg dv sdudphwhuv1
Zh duh lqwhuhvwhg lq wkdw sduw ri P iru zklfk doo yduldeohv +dqg sdudphwhuv, olh zlwklq

fhuwdlq erxqgv
[ P � { P � [ P +l @ 4> ===> o,



59 61 Rq vshhglqj xs wkh fryhulqj dojrulwkp

vr wkdw rqo| wkh vroxwlrqv ri +614, frqwdlqhg lq d er{ [ Q 5 L +?, M duh vrxjkw1
Iru dq| [ 5 L +G,/ gh�qh [ +I>[, =@ i{ 5 [ m i +{, @ 3j = +615,

Wkh fryhulqj dojrulwkp ri Qhxpdlhu ^94` frqvlvwv ri fryhulqj wkh vhwS�I>[ Q � e| d froohfwlrq
ri vpdoohu dqg vpdoohu er{hv zklfk jlyh lqfuhdvlqjo| dffxudwh lqirupdwlrq derxw wkh orfdwlrq
ri wkh vroxwlrq vhw1 Wkh dojrulwkp xvhv wkh }hur h{foxvlrq whvw dqg wkh jhqhudol}hg Jdxvv0
Vhlgho phwkrg wr glvfdug luuhohydqw sduwv ri [ Q 1 Krzhyhu/ lq hdfk lwhudwlrq ri wkh fryhulqj
dojrulwkp/ rqo| rqh er{ lv surfhvvhg1
Wkh dlp ri wklv fkdswhu lv wr vkrz wkdw wkh fryhulqj dojrulwkp fdq eh vshhghg xs e| vhyhudo

rughuv ri pdjqlwxgh/ li lq hdfk lwhudwlrq ri wkh dojrulwkp/ zh vlpxowdqhrxvo| surfhvv doo er{hv
wkdw duh suhvhqw1

615 Qhxpdlhu*v fryhulqj dojrulwkp
Zh �uvw rxwolqh Qhxpdlhu*v fryhulqj dojrulwkp wr vroyh +614,1
Dojrulwkp= Qhxpdlhu*v fryhulqj dojrulwkp ^94`
Lqsxwv= wkh lqlwldo er{ [ Q / d frqwlqxrxv lqfoxvlrq ixqfwlrq +ghqrwhg dv I , ri wkh jlyhq

ixqfwlrq i / dqg d sdudphwhu % wr fkhfn li wkh zlgwk ri d er{ lv vpdoo1
Ehjlq Dojrulwkp

41 Hqwhu wkh lqlwldo er{ lqwr wkh vwdfn1
51 Li wkh vwdfn lv hpsw|/ jr wr vwhs <1
61 Fkrrvh wkh �uvw er{ iurp wkh vwdfn1
71 Glvfdug luuhohydqw sduwv ri wkh er{ xvlqj wkh }hur h{foxvlrq whvw dqg wkh JJV

phwkrg +vhh Uhpdunv 614 dqg 615 ehorz,1
81 Li wkh er{ lv hpsw|/ jr wr vwhs 51
91 Li wkh zlgwk ri wkh er{ lv ohvv wkdq ru htxdo wr %/ sulqw wkh er{ dqg jr wr vwhs 51
:1 Elvhfw wkh er{ dorqj wkh pd{lpxp zlgwk frruglqdwh gluhfwlrq dqg hqwhu wkh kdoyhg

er{hv lqwr wkh vwdfn dw wkh hqg1
;1 Jr wr vwhs 51
<1 Vwrs1

Hqg Dojrulwkp1
Uhpdun 614 Li 3 @5 I +[, wkhq [ frqwdlqv qr vroxwlrq srlqw dqg lv glvfdughg +wkh }hur
h{foxvlrq whvw,1 Qrwh wkdw vlqfh I +[, jhqhudoo| ryhuhvwlpdwhv wkh udqjh/ wkhuh pd| ru pd|
qrw eh d vroxwlrq srlqw lq [ li 3 5 I +[,= Lq wklv fdvh d pruh uh�qhg whvw lv xvhg dv lq wkh
iroorzlqj uhpdun1



616 Sursrvhg dojrulwkp 5:

Uhpdun 615 Wkh dojrulwkp lv vshhghg xs e| �qglqj d vpdoohu er{ frqwdlqlqj doo vroxwlrqv
lq [/ xvlqj wkh jhqhudol}hg Jdxvv0Vhlgho phwkrg +JJV, ^94`1 Wkh JJV phwkrg lv dssolhg wr
wkh krprjhqhrxv olqhdu lqwhuydo htxdwlrq

hD hG @ 3> hD 5 D> hG 5 G +616,

zkhuh
hG 5 G =@

#
[� h}

4
$
> hD 5 D =@ �I O +[, > I +h},� > +617,

dqg h} 5 [= Li wklv olqhdu lqwhuydo v|vwhp lv irxqg lqfrpsdwleoh wkhq [ fdq eh glvfdughg1 Hovh/
wkh dojrulwkp surfhhgv e| uhsodflqj [ zlwk [ O @ h}.G O / zkhuh G O lv wkh vroxwlrq frqvwuxfwhg
xvlqj wkh JJV phwkrg1 Wr ixuwkhu vshhg xs wkh dojrulwkp/ suhfrqglwlrqlqj ri wkh olqhdu v|vwhp
fdq eh grqh/ dqg lqwhuydo vorshv ^74` lqvwhdg ri judglhqwv xvhg1

616 Sursrvhg dojrulwkp
Qrwh wkdw lq hdfk lwhudwlrq ri Qhxpdlhu*v fryhulqj dojrulwkp/ rqo| rqh er{ lv surfhvvhg1 Vxfk
surfhvvlqj lv lqkhuhqwo| vorz/ gxh wr lwv vhtxhqwldo qdwxuh1 Rq wkh rwkhu kdqg/ lq hdfk lwhudwlrq
ri wkh fryhulqj dojrulwkp/ lw lv fohduo| srvvleoh wr vlpxowdqhrxvo| surfhvv doo er{hv wkdw duh
suhvhqw +wklv fdq eh grqh zlwkrxw dowhulqj lq dq| zd| wkh hvvhqfh ri wkh dojrulwkp,1 Dv zloo
eh vhhq ehorz/ wkh vwudwhj| uhvxowv lq juhdwo| vshhglqj xs wkh dojrulwkp/ ehfdxvh doo er{hv
suhvhqw lq hyhu| lwhudwlrq duh surfhvvhg frqfxuuhqwo| / l1h1/ lq d sdudooho pdqqhu1 Zh fdoo wklv
yhuvlrq ri wkh fryhulqj dojrulwkp dv wkh yhfwrul}hg fryhulqj dojrulwkp1
Dojrulwkp= yhfwrul}hg fryhulqj dojrulwkp
dulvhv iurp Qhxpdlhu*v fryhulqj dojrulwkp e| pdnlqj wkh iroorzlqj fkdqjhv1

� Vwhs06= Fkrrvh doo wkh er{hv suhvhqw lq wkh vwdfn1
� Vwhs07= Glvfdug luuhohydqw sduwv ri doo er{hv=

� +yhfwrul}hg }hur0h{foxvlrq whvw,= xvlqj yhfwrul}hg lqwhuydo dulwkphwlf rshud0
wlrqv/ hydoxdwh wkh lqwhuydo h{whqvlrq I ryhu doo wkh er{hv1 Glvfdug doo wkrvh
er{hv iru zklfk 3 @5 I +[,1 Li wkhuh duh qr pruh er{hv uhpdlqlqj/ jr wr vwhs <1

� +yhfwrul}hg JJV phwkrg, xvlqj yhfwrul}hg judglhqw ru vorsh hydoxdwlrqv/ vhw
xs wkhD>Gpdwulfhv lq +616/ 617, iru doo er{hv1 Xvlqj yhfwrul}hg lqwhuydo dulwk0
phwlf rshudwlrqv/ dsso| wkh JJV phwkrg vlpxowdqhrxvo| wr doo wkh uhvxowlqj
krprjhqhrxv olqhdu lqwhuydo htxdwlrqv/ dqg rewdlq vpdoohu er{hv frqwdlqlqj
wkh vroxwlrq srlqwv lq wkh uhvshfwlyh er{hv1

� Vwhs08= Ilqg dqg glvfdug doo hpsw| er{hv1 Li wkhuh duh qr pruh er{hv uhpdlqlqj/
jr wr vwhs <1



5; 61 Rq vshhglqj xs wkh fryhulqj dojrulwkp

� Vwhs09= Xvlqj yhfwrul}hg lqwhuydo dulwkphwlf rshudwlrqv/ �qg wkh zlgwkv ri doo er{hv1
Wkhq/ �qg dqg sulqw doo wkrvh er{hv vdwlvi|lqj wkh er{0zlgwk frqglwlrq +l1h1/ zlgwk
ri er{ � %,1 Glvfdug wkh mxvw sulqwhg er{hv1

� Vwhs0:= Li wkhuh duh qr er{hv uhpdlqlqj/ jr wr vwhs <1 Hovh/ xvlqj yhfwrul}hg lqwhuydo
dulwkphwlf rshudwlrqv/ �qg wkh pd{lpxp zlgwk frruglqdwh gluhfwlrqv iru doo er{hv/
dqg elvhfw vlpxowdqhrxvo| doo wkh er{hv dorqj wkhvh +uhvshfwlyh, gluhfwlrqv1 Hqwhu
doo wkh uhvxowlqj kdoyhg er{hv lqwr wkh vwdfn1

Uhpdun 616 Lw lv hpskdvl}hg wkdw wkh irupxodwlrq ri wkh dojrulwkp lv lqghshqghqw ri PDW0
ODE 2 LQWODE/ dqg lw fdq eh uxq rq dq| frpsxwhu wkdw kdv dq lqwhuydo dulwkphwlf frpslohu
vxssruwlqj yhfwrul}hg lqwhuydo dulwkphwlf rshudwlrqv/ vxfk dv Iruwh IRUWUDQ <8 ^:6`1
Uhpdun 617 Wkh yhfwrul}hg fryhulqj dojrulwkp grhv qrw uhtxluh d sdudooho frpsxwhu1 Wkdw
lv/ wkh yhfwrul}dwlrq lv h!flhqw hyhq rq vhuldo dufklwhfwxuhv zkhuh yhfwrul}dwlrq eulqjv dgydq0
wdjhv1
Uhpdun 618 Lw iroorzv iurp d uhvxow lq ^8:` wkdw iru % A 3/ wkh deryh dojrulwkp whuplqdwhv
diwhu dw prvw " R � 4 lwhudwlrqv/ zkhuh " @ z �[ Q � @%=

617 Qxphulfdo uhvxowv
Zh frqvlghu vrph h{dpsohv iru frpsdulqj wkh shuirupdqfh ri wkh sursrvhg yhfwrul}hg fry0
hulqj dojrulwkp zlwk wkdw ri wkh fryhulqj dojrulwkp1 Wkh h{dpsohv duh olvwhg lq Dsshqgl{1
Doo frpsxwdwlrqv duh fduulhg rxw rq d SF2Shqwlxp0LLL 883 PK} pdfklqh zlwk 6;7 PE

UDP xvlqj LQWODE ^9;`1 Wdeohv 614 dqg 615 jlyh wkh frpsxwdwlrqdo uhvxowv iru wkh ydulrxv
h{dpsohv1 Wkh Wdeohv olvw wkh qxpehu ri er{hv lq wkh fryhulqj ri wkh vroxwlrq vhw/ wkh h{hfxwlrq
wlph +vhfrqgv,/ dqg wkh qxpehu ri  rdwlqj rshudwlrqv + rsv, wdnhq1 Zh xvhg wzr ydoxhv ri
%/ wkdw lv/ % @ 3=34 dqg 3=3341
Wkh iroorzlqj revhuydwlrqv duh pdgh uhjduglqj wkh uhvxowv jlyhq lq wkh Wdeohv =

41 Wkh vdph qxpehu ri fryhulqj er{hv duh rewdlqhg xvlqj hlwkhu dojrulwkp1
51 Wkh sursrvhg dojrulwkp lv idvwhu wkdq wkh fryhulqj dojrulwkp lq doo h{dpsohv1 Lq doo

h{dpsohv h{fhsw h{dpsoh 6/ wkh uhgxfwlrq lq frpsxwdwlrqdo wlph lv durxqg <9 � <<(1
Lq h{dpsoh 6/ wkh vdph lv durxqg 63� 73(1

61 Wkh vshhg xs lv sduwlfxoduo| dwwudfwlyh lq wkrvh h{dpsohv ghpdqglqj odujh frpsxwd0
wlrqdo wlphv xvlqj wkh fryhulqj dojrulwkp1 Lq vxfk h{dpsohv/ wkh sursrvhg dojrulwkp lv
idvwhu wkdq wkh ruljlqdo rqh e| xs wr 5 rughuv ri pdjqlwxgh1

71 Wkh vshhg xs idfwru jhwv ehwwhu zlwk dffxudf|1



618 Frqfoxvlrqv 5<

81 Wkh qxpehu ri  rsv lv ohvv zlwk wkh sursrvhg dojrulwkp lq hyhu| h{dpsoh1

Zh frqfoxgh wkh fkdswhu zlwk vrph uhpdunv=
Uhpdun 619 Wkh revhuyhg uhgxfwlrq lq frpsxwdwlrqdo ryhukhdg +lq whupv ri  rsv, fdq eh
dwwulexwhg wr wkh idfw wkdw lq LQWODE/ lqwhuydo dulwkphwlf dqg vorshv duh grqh e| rshudwru
ryhuordglqj/ zklfk lqfxuv vxevwdqwldo ryhukhdg1 Wklv ryhukhdg lv qhhghg rqfh iru hdfk er{
lq wkh +vhtxhqwldo, fryhulqj dojrulwkp/ exw rqo| rqfh shu pdmru lwhudwlrq lq wkh yhfwrul}hg
yhuvlrq ^93`1
Uhpdun 61: Wkh dfwxdo vshhg xs idfwru shukdsv ydulhv frqvlghudeo| zlwk wkh frpsxwlqj hqyl0
urqphqw xvhg/ dqg pd| eh ohvv frqvslfxrxv lq surjudpplqj odqjxdjhv zkhuh frqwuro vwuxfwxuhv
duh pruh h!flhqwo| lpsohphqwhg wkdq lq PDWODE1

618 Frqfoxvlrqv
D yhfwrul}hg yhuvlrq ri Qhxpdlhu*v fryhulqj dojrulwkp zdv sursrvhg iru vroylqj �qlwh0glphqvlrqdo
v|vwhpv ri sdudphwhu 0 ghshqghqw qrqolqhdu htxdwlrqv1 Lw zdv ghprqvwudwhg wkurxjk vhyhudo
whvw h{dpsohv wkdw wkh yhfwrul}hg dojrulwkp lv vljql�fdqwo| idvwhu +e| xs wr 5 rughuv ri pdj0
qlwxgh lq ghpdqglqj sureohpv, wkdq wkh ruljlqdo dojrulwkp1 Pruhryhu/ lw lv qrwhzruwk| wkdw
wkh yhfwrul}hg dojrulwkp grhv qrw uhtxluh d sdudooho frpsxwhu ru yhfwru surfhvvruv exw fdq
eh uxq rq dq| frpsxwhu +vxfk dv d SF, wkdw kdv dq lqwhuydo dulwkphwlf frpslohu vxssruwlqj
yhfwrul}hg lqwhuydo dulwkphwlf rshudwlrqv1



63 61 Rq vshhglqj xs wkh fryhulqj dojrulwkp

WDEOH 6141 Frpsdulvrqv ri dojrulwkpv iru % @31341

V1Qr H{dpsohv p o Vroxwlrqv Fryhulqj Sursrvhg Vshhg xs
dojrulwkp dojrulwkp idfwru

4 Rqh glphqvlrqdo 4 5 fryhulqj er{hv 5739 5739
pdqlirog wlph+v, 4;3188 419 43316

^94`  rsv 4687835 43934:;
5 Wxqqholqj glrgh 4 5 fryhulqj er{hv 47:6 47:6

^:9` wlph+v, 455146 4158 <:1:
 rsv 4384435 :;66<4

6 Frpexvwlrq 5 5 fryhulqj er{hv 5 5
fkhplvwu| wlph+v, 41;4 413< 41:<

^86`  rsv 46;98 45<7:
7 Klssrshgh 5 6 fryhulqj er{hv ;<9 ;<9

^77` wlph+v, ;7138 4155 9;1;<
 rsv :<8637 88;59;

8 SXPD ; ; fryhulqj er{hv 5; 5;
urerw wlph+v, 43816< 713; 581;6
^86`  rsv 468489< 44<6:3<



618 Frqfoxvlrqv 64

WDEOH 6151 Frpsdulvrqv ri dojrulwkpv iru % @313341

V1Qr H{dpsohv p o Vroxwlrqv Fryhulqj Sursrvhg Vshhg xs
dojrulwkp dojrulwkp idfwru

4 Rqh glphqvlrqdo 4 5 fryhulqj er{hv 59<88 59<88
pdqlirog wlph+v, 65:714 43179 646134

^94`  rsv 4754;:5: 4447583:
5 Wxqqholqj glrgh 4 5 fryhulqj er{hv 4:393 4:393

^:9` wlph+v, 49<61; 9154 5:51:8
 rsv 433448;7 :836:46

6 Frpexvwlrq 5 5 fryhulqj er{hv 5 5
fkhplvwu| wlph+v, 5148 4179 417:

^86`  rsv 4:8:8 4989:
7 Klssrshgh 5 6 fryhulqj er{hv 9;;7 9;;7

^77` wlph+v, 96813: 6168 4;<18:
 rsv 8564944 69;8555

8 SXPD ; ; fryhulqj er{hv 73 73
urerw wlph+v, 45816 7196 5:139
^86`  rsv 4968;5< 4777987
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Rq vshhglqj xs wkh joredo rswlpl}dwlrq dojrulwkp

714 Lqwurgxfwlrq
Ohw i = [ �? M $ ? eh d gl�huhqwldeoh ixqfwlrq1 Ohw �i +[, ghqrwh wkh vhw ri doo ydoxhv ri i rq
[1 Zh vhhn joredo rswlpl}dwlrq dojrulwkpv wkdw duh deoh wr h!flhqwo| ghwhuplqh duelwudulo|
jrrg orzhu erxqgv iru wkh plqlpxp ri �i +[,1
Pdq| dojrulwkpv edvhg rq lqwhuydo dqdo|vlv +LD, duh dydlodeoh wr vroyh wklv xqfrqvwudlqhg

joredo rswlpl}dwlrq sureohp/ vhh iru lqvwdqfh/ ^59`/ ^67`/ ^98`1 D prgho ru edvlf S eudqfk dqg
erxqg dojrulwkp ri LD frqvlvwv ri wkh Prruh0Vnhoerh dojrulwkp ^84` dxjphqwhg zlwk wkh plg0
srlqw whvw ri Lfklgd dqg Ixlml ^63` dqg wkh prqrwrqlflw| whvw ghwdlohg lq ^98`1 Dowkrxjk wklv
edvlf dojrulwkp lv uholdeoh/ lw lv vrphwlphv irxqg wr eh vorz iru cgl!fxow* sureohpv1 Wkhuh0
iruh/ vhyhudo uhvhdufkhuv uhfhqwo| sursrvhg sdudooho surfhvvlqj whfkqltxhv rq pxowl0surfhvvru
pdfklqhv lq rughu wr vshhg xs lqwhuydo joredo rswlpl}dwlrq phwkrgv/ hvshfldoo| iru odujh0vfdoh
sureohpv ^:`/ ^49`/ ^83`/ ^;4`1 Krzhyhu/ dv vlqjoh surfhvvru pdfklqhv vxfk dv ghvnwrs frpsxw0
huv duh pruh zlgho| xvhg/ lw zrxog eh dgydqwdjhrxv wr kdyh whfkqltxhv wkdw vshhg xs wkh
dojrulwkp rq vlqjoh surfhvvru pdfklqhv1
Lq wklv fkdswhu/ zh sursrvh vrph prgl�fdwlrqv ri wkh edvlf lqwhuydo joredo rswlpl}dwlrq

dojrulwkp wr vshhg xs wkh dojrulwkp iru vlqjoh surfhvvru pdfklqhv1 Wkh sursrvhg dojrulwkplf
fkdqjhv duh dv iroorzv1

� Dv lv zhoo nqrzq wr lqwhuydo dqdo|vwv/ lq wkh edvlf dojrulwkp zh fkrrvh iru surfhvvlqj
rqo| wkh �uvw er{ iurp wkh olvw dw hdfk lwhudwlrq1 Lq wkh sursrvhg prgl�fdwlrq/ zh fkrrvh
dqg surfhvv doo er{hv iurp wkh olvw dw hdfk lwhudwlrq1

T�U&V8WYX8Z$[�\ ]Y^$_(`6^/a8W�bdc�W�_�[�\ ^�efa8^*W�[(eg^�hi\ eg]�b jga8WYb ^*]�Z$bk[�W�Z�_:]<Vflg_:^/]�W�a8j8_�W�[�mn]�^�e8]�Zoc*\ hqprh�W�[:h,[�mnZ$e8atsuW<v&h�^�e*wxb \ y$WY[:h�W�lg[�mn[�W�Wz So{�| m z } {�| m z }�} |x~
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� Xvlqj wkh idfw wkdw zh duh surfhvvlqj doo wkh er{hv vlpxowdqhrxvo|/ zh sursrvh wr xvh
d qhz fxw0r� whvw +dovr fdoohg dv wkh plgsrlqw whvw, lq wkh dojrulwkp1 Lq wkh edvlf
dojrulwkp/ wkh fxw0r� ydoxh lv wkh ixqfwlrq ydoxh dw wkh plgsrlqw ri wkh ohdglqj er{
dw hdfk lwhudwlrq1 Lq wkh sursrvhg dojrulwkp/ wkh fxw0r� ydoxh lv wkh plqlpxp ri wkh
ixqfwlrq ydoxhv dw wkh plgsrlqwv ri doo er{hv lq wkh olvw dw hdfk lwhudwlrq1 Khqfh/ wkh
qhz fxw0r� whvw lv h{shfwhg wr glvfdug pruh luuhohydqw er{hv dw hdfk lwhudwlrq1

� Lq wkh edvlf dojrulwkp/ wkh prqrwrqlflw| whvw lv dssolhg wr wkh vxeer{hv rewdlqhg e|
elvhfwlrq ri wkh ohdglqj er{ dw hdfk lwhudwlrq1 Lq wkh sursrvhg dojrulwkp/ wkh prqrwrqlf0
lw| whvw lv dssolhg wr wkh vxeer{hv rewdlqhg e| elvhfwlrq ri doo er{hv lq wkh olvw dw hdfk
lwhudwlrq1

Ilqdoo|/ zh hydoxdwh wkh shuirupdqfhv ri wkh sursrvhg dqg edvlf dojrulwkpv rq �iw| vwdqgdug
rswlpl}dwlrq whvw ixqfwlrqv jlyhq lq ^85` dqg ^99`1

715 Edvlf dojrulwkp
D Edvlf Dojrulwkp ri LD iru Xqfrqvwudlqhg Joredo Rswlpl}dwlrq ^98`/ ^99`
Lqsxwv= Wkh er{ [/ dq lqfoxvlrq ixqfwlrq I +xvxdoo| wkh qdwxudo lqwhuydo h{whqvlrq/ vhh

^7<`, iru i = [ $ ?/ dqg dffxudf| sdudphwhu % � 1
EHJLQ Dojrulwkp

41 Vhw ] � @ [/ fdofxodwh I +] � , > dqg vhw } � @ plqI +] � ,1 Qh{w/ lqlwldol}h olvw O @
++] � > } � ,, dqg wkh fxw0r� ydoxh f @ i +p +] � ,,1

51 Fkrrvh d frruglqdwh gluhfwlrq n sdudooho wr zklfk ] � kdv dq hgjh ri pd{lpxp ohqjwk1
61 Elvhfw ] � lq gluhfwlrq n jhwwlqj er{hv Y � dqg Y � vxfk wkdw ] � @ Y � VY � 1
71 Fdofxodwh I �Y � � dqg I �Y � � > dqg vhw y � @ plqI �Y � � > y � @ plqI �Y � �1
81 Uhpryh +] � > } � , iurp wkh olvw O=
91 Glvfdug wkh sdlu +Y P > y P , li y P A f/ zkhuh l 5 i4> 5j1
:1 +Prqrwrqlflw| whvw/ vhh Uhpdun 715, glvfdug wkh uhpdlqlqj sdlu �Y P > y P � li 3 @5 I �� �Y P �

iru dq| m 5 i4> 5> = = = > oj/ dqg l @ 4> 51
;1 Dgg wkh uhpdlqlqj sdlu+v, wr O= Li O lv hpsw|/ wkhq H[LW1 Rwkhuzlvh/ duudqjh O vxfk

wkdw wkh vhfrqg phpehuv ri doo sdluv ri O gr qrw ghfuhdvh/ dqg ghqrwh wkh sdluv dv lq
Uhpdun 7141 Fkrrvh wkh �uvw lwhp +] � > } � , =

<1 Xsgdwh wkh fxw0r� ydoxh dv f @ plq if> i +p +] � ,,j1
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431 +Fxw0r� whvw, glvfdug iurp O doo sdluv zkrvh vhfrqg phpehuv duh juhdwhu wkdq wkh
fxw0r� ydoxh f1

441 Li wkh whuplqdwlrq fulwhulrq krogv +vhh Uhpdunv 716 dqg 717, wkhq H[LW dojrulwkp1
451 Jr wr Vwhs 51
HQG Dojrulwkp

Uhpdun 714 Ohw o � ghqrwh wkh fxuuhqw olvw ohqjwk1 Wkhq/ wkh lwhpv lq olvw O dw lwhudwlrq u
frqvlvwv ri sdluv ghqrwhg dv +] � > } � , > = = = > +] M � > } M � , > zkhuh/ } R @ plqI +]R , > q @ 4> = = = > o � 1
Uhpdun 715 Lq wkh prqrwrqlflw| whvw/ li 3 @5 I �� �Y P � wkhq wkh lqwhulru ri Y P fdqqrw frqwdlq
d joredo plqlpl}hu1 Wkh hgjh ri Y P vwloo fdq frqwdlq joredo plqlpl}hu li wkdw sduw ri wkh hgjh
zklfk kdv wkh vpdoohvw ixqfwlrq ydoxhv lv dovr sduw ri wkh hgjh ri [= Rwkhuzlvh/ qr joredo
plqlpl}hu olhv lq Y P = Iru ghwdlov/ vhh ^98`=
Uhpdun 716 Zh xvh wzr gl�huhqw whuplqdwlrq fulwhuld iru hydoxdwlqj wkh shuirupdqfhv ri
wkh dojrulwkpv=

� Whuplqdwlrq fulwhulrq D= Li z +I +] � ,, ? % � = Wklv whuplqdwlrq fulwhulrq jlyhv wkh joredo
plqlpxp dqg d plqlpl}hu lq wkh jlyhq grpdlq1

� Whuplqdwlrq fulwhulrq E= Li
pd{ iz +I +] � ,, > = = = > z +I +] M � ,,j ? % � > dqg

pd{ iz +] � , > = = = > z +] M � ,j ? % � =
Wklv whuplqdwlrq fulwhulrq jlyhv wkh joredo plqlpxp dqg doo wkh plqlpl}huv lq wkh jlyhq
grpdlq1

Uhpdun 717 Lq fdvh ri whuplqdwlrq fulwhulrq D/ zh sulqw *frpsxwhg joredo plqlpxp lv
@ � } � >ehiruh h{lwlqj1 Lq fdvh ri whuplqdwlrq fulwhulrq E/ zh sulqw wkh lwhpv lq olvw O ehiruh
h{lwlqj1

716 Sursrvhg dojrulwkp
Lq wkh edvlf dojrulwkp ghvfulehg deryh/ lq hdfk lwhudwlrq zh fkrrvh rqo| wkh ohdglqj er{
iurp wkh olvw O iru surfhvvlqj1 Rq wkh rwkhu kdqg/ lq wkh sursrvhg dojrulwkp jlyhq ehorz zh
fkrrvh doo er{hv iurp wkh olvw iru surfhvvlqj1 Wr shuirup ixqfwlrq dqg judglhqw hydoxdwlrqv/
prqrwrqlflw| whvw/ plgsrlqw whvw/ zlgwk fkhfnv/ dqg elvhfwlrqv rq doo er{hv lq dq lwhudwlrq/
zh xvh yhfwrul}hg lqwhuydo dulwkphwlf rshudwlrqv1 Zh qh{w suhvhqw wkh sursrvhg dojrulwkp1
Sursrvhg Dojrulwkp iru Joredo Rswlpl}dwlrq
EHJLQ Dojrulwkp
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41 Vhw ] � @ [/ fdofxodwh I +] � , > dqg vhw } � @ plqI +] � ,1 Qh{w/ lqlwldol}h olvw O @
++] � > } � ,, dqg wkh fxw0r� ydoxh f @ i +p +] � ,,1

51 Vhw o � dv wkh ohqjwk ri O1 Wkhq/ fkrrvh d frruglqdwh gluhfwlrq n R sdudooho wr zklfk
] R kdv dq hgjh ri pd{lpxp ohqjwk/ q @ 4> = = = > o � 1

61 Elvhfw ] R lq gluhfwlrq n R jhwwlqj er{hv Y �R dqg Y �R vxfk wkdw ] R @ Y �R
VY �R / q @

4> = = = > o � 1
71 Fdofxodwh I �Y �R

� dqg I �Y �R
� > dqg vhw y PR @ plqI �Y PR

�/ iru l @ 4> 5> dqg q @ 4> = = = > o � 1
81 Glvfdug wkh sdlu +Y PR > y PR , li y PR A f/ zkhuh l 5 i4> 5j > q 5 i4> = = = > o � j 1
91 +Prqrwrqlflw| whvw, Glvfdug wkh uhpdlqlqj sdluv �Y PR > y PR

� li 3 @5 I �� �Y PR
� iru dq| m 5i4> 5> = = = > oj > dqg l @ 4> 5> q @ 4> = = = > o � 1

:1 Ghohwh doo lwhpv iurp O> dqg hqwhu wkh uhpdlqlqj sdlu+v, ri deryh vwhs lq O= Vhw o �$� dv
wkh +whpsrudu|, ohqjwk ri O1 Li o �$� lv }hur/ wkhq H[LW1 Rwkhuzlvh/ duudqjh O vxfk wkdw
wkh vhfrqg phpehuv ri doo sdluv ri O gr qrw ghfuhdvh/ dqg ghqrwh wkh sdluv dv lq Uhpdun
7141

;1 Xsgdwh wkh fxw0r� ydoxh dv f @ plq�f> i +p +] � ,, > = = = > i �p �] M � � ���1
<1 +Fxw0r� whvw, Glvfdug iurp O doo sdluv zkrvh vhfrqg phpehuv duh juhdwhu wkdq wkh

fxw0r� ydoxh f1
431 Li wkh whuplqdwlrq fulwhulrq krogv +f1i Uhpdun 716 dqg 717, wkhq H[LW dojrulwkp1
441 Jr wr Vwhs 51

HQG Dojrulwkp

717 Whvw uhvxowv
Iru hydoxdwlqj wkh h�hfwlyhqhvv ri wkh sursrvhg dojrulwkp/ zh frqvlghu wkh ixoo ehqfkpdun
vxlwh ri 68 rswlpl}dwlrq whvw ixqfwlrqv jlyhq lq ^85`1 Zh dovr vhohfw dgglwlrqdo 48 whvw ixqfwlrqv
iurp wkh froohfwlrq ri 6< whvw ixqfwlrqv lq ^99`1 Wkh fulwhuld zh xvh iru wklv vhohfwlrq duh=

41 Dyrlg whvw ixqfwlrqv wkdw kdyh douhdg| ehhq frqvlghuhg lq wkh vxlwh lq ^85`1
51 Fkrrvh rqh sureohp iurp hdfk jurxs ri cvlplodu* whvw ixqfwlrqv1 Iru h{dpsoh/ 45 ixqf0

wlrqv fdoohg Ohy| kdyh ehhq sxw lqwr 7 jurxsv ri cvlplodu* ixqfwlrqv e| Udw} dqg Fvhqghv
lq ^99`1 E| cvlplodu*/ zh phdq wkdw wkh ixqfwlrqv duh lghqwlfdo h{fhsw iru glphqvlrqdolw|1
Khqfh/ zh udqgrpo| fkrrvh rqh ixqfwlrq iurp hdfk ri wkhvh jurxsv1 Zh vlploduo| fkrrvh
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dprqj wkh whvw ixqfwlrqv fdoohg dv Julhzdqn/ Udw}/ Vfkzhiho/ hwf1/ wr duulyh dw d wrwdo
ri �iwhhq whvw ixqfwlrqv iurp wklv froohfwlrq1

Lq whvw ixqfwlrqv 4068 iurp ^85`/ jlyhq i P = ? M $ ? iru l @ 4> ===>p> zlwk p � o> rxu dlp lv
wr �qg

plq
+ N[
Pq� � i �P +{, = { 5 [

,

Lq wkh whvw ixqfwlrqv 69083 iurp ^99`/ rxu dlp lv wr �qg

plq�n�n� i+{,

zkhuh wkh remhfwlyh ixqfwlrq i = ? M $ ? lv frqwlqxrxvo| gl�huhqwldeoh dqg [ � ? M =
Iru prvw whvw ixqfwlrqv iurp ^85`/ zh vhohfw wkh lqlwldo grpdlq [ dv shu Kdqvhq ^59/ ss14680

469`1 Iru wkh uhvw/ zlwk wklv lqlwldo grpdlq vhohfwlrq erwk wkh dojrulwkpv idlo/ gxh wr h{fhvvlyh
wlph +juhdwhu wkdq 43 krxuv, dqg 2 ru phpru| uhtxluhphqwv1 Lq vxfk whvw ixqfwlrqv/ zh fkrrvh
vpdoohu lqlwldo grpdlqv/ vxfk wkdw wkh| lqfoxgh doo wkh vwduwlqj srlqwv jlyhq lq ^85`1 Iru wkh whvw
ixqfwlrqv iurp ^99`/ wkh grpdlq lv nhsw wkh vdph dv jlyhq lq ^99`1 Zh fkrrvh wkh dffxudflhv
dv % � @ 43 �u� ru 43 �L� 1
Zh fduu| rxw doo frpsxwdwlrqv rq d vlqjoh surfhvvru SF2Shqwlxp LLL ;33 PK} pdfklqh

zlwk 845PE UDP xvlqj yhuvlrq 6 ri LQWODE ^9;`1 Wdeoh 7 jlyhv wkh grpdlq xvhg/ wkh joredo
plqlpxp lq wkh jlyhq grpdlq dqg wkh plqlpl}hu iru hdfk whvw ixqfwlrq1
Wr frpsduh wkh shuirupdqfhv ri wkh dojrulwkpv/ zh xvh wkh iroorzlqj shuirupdqfh phwulfv
� Qxpehu ri ixqfwlrqdo hydoxdwlrqv
� Qxpehu ri  rdwlqj rshudwlrqv + rsv,
� Frpsxwdwlrqdo wlph/ vhfrqgv
� Pd{lpxp olvw ohqjwk
Wdeohv 71: wr 7143 jlyh wkh rewdlqhg uhvxowv lq whupv ri wkhvh shuirupdqfh phwulfv iru wkh

ydulrxv whvw ixqfwlrqv � 1 Iru hdfk phwulf/ lq wkh odvw wzr froxpqv ri Wdeohv 71:07143 zh jlyh
wkh ydoxhv ri udwlr dqg wkh shufhqw uhgxfwlrq frpsxwhg dv

Udwlr @ Shui1 phwulf zlwk edvlf dojrulwkp
Shui1 phwulf zlwk sursrvhg dojrulwkp

Shufhqw uhgxfwlrq @ Shui1 phwulf zlwk edvlf dojrulwkp 0 Shui1 phwulf zlwk sursrvhg dojrulwkp
Shui1 phwulf zlwk edvlf dojrulwkp �433

Edvhg rq wkh gdwd lq wkh Wdeohv/ zh frpsduh wkh shuirupdqfh ri wkh wzr dojrulwkpv xvlqj
gl�huhqw hydoxdwlrq phwkrgv= udqnlqj/ vwdwlvwlfdo phdvxuhv/ dyhudjh dqg rwkhu phdvxuhv/ dqg
�o��� �/�*�����,�q�Y� �Y���g�u� ���q�L� �L¡i¢�¡�� £8¤6�8�L¡$¥n¦§�$¨8� ��� �8© ªk�«�8¬ � � � �8­8� ¢��$�����J���g���L�i��¡$� £*��� ¡$�;¢�¡$£8� ­;�8¡��L¨®�u¡�¨*����� �8��­;¨��6���g�u¨8�$��� ¢�$� ¯$¡$��� ���8¤°¥ ¡$�L�,�8�²±8������¢���� ¨®��­³��¢�¢�£g�:�$¢���´8­8£g�u�,¡6�<µ*¢�������� ¶��·�,� ¤6�²����¸/£8� �:��¤6�����,�(¹ ¯��:���������L���8�$� ��º �8¡�£8�:�<» ©
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shuirupdqfh sur�ohv1 Wkhvh ydulrxv phwkrgv duh lqfrusrudwhg lq wkh dqdo|vlv wr dyrlg grpl0
qdqfh ri dq| rqh whvw ixqfwlrq rq wkh �qdo frqfoxvlrqv derxw wkh uhodwlyh shuirupdqfh ri wkh
dojrulwkpv1

71714 Whuplqdwlrq fulwhulrq D
Udqnlqj
Udqnlqj ri wkh dojrulwkpv kdv ehhq xvhg iru shuirupdqfh frpsdulvrq/ vhh iru lqvwdqfh/ ^44`/
^88`/ ^::`1 Iru d jlyhq shuirupdqfh phwulf/ udqnlqj lv edvhg rq wkh qxpehu ri wlphv d uxoh
frphv lq wkh u ¼�½ sodfh/ khuh u @ 4> ===> q ¾ 1 D kljkhu udqn lv dvvljqhg wr wkh uxoh zlwk ohvvhu
shuirupdqfh ydoxh/ zkloh zh dvvljq wkh vdph udqn wr pruh wkdq rqh uxoh li wkh| dfklhyh wkh
vdph shuirupdqfh ydoxh1 Ixuwkhu/ zh dvvljq wkh odvw udqn wr d uxoh li lw lv irxqg xqdeoh wr
vroyh wkh sureohp gxh wr h{fhvvlyh phpru| uhtxluhphqwv1 Wdeoh 714 jlyhv wkh udqnlqj ri wkh
dojrulwkpv lq rxu vwxglhv1
Dw wkh rxwvhw/ qrwh wkdw iru wkh frqvlghuhg grpdlqv dqg dffxudf|/ wkh sursrvhg dojrulwkp lv

deoh wr vroyh doo wkh whvw ixqfwlrqv/ zkhuhdv wkh edvlf dojrulwkp lv deoh wr vroyh rqo| <5( ri wkh
whvw ixqfwlrqv1 Wdeoh 714 vkrzv wkdw lq d pdmrulw| ri wkh vroyhg whvw ixqfwlrqv/ wkh sursrvhg
dojrulwkp lv ehwwhu lq whupv ri frpsxwdwlrqdo wlph dqg pd{lpxp olvw ohqjwk phwulfv +vl{ whvw
ixqfwlrqv uhtxluh vdph qxpehu ri ixqfwlrq fdoov/ irxu whvw ixqfwlrqv uhtxluh vdph  rsv dqg
pd{lpxp olvw ohqjwk zlwk erwk wkh dojrulwkpv/ dqg vr erwk wkh dojrulwkpv rewdlq wkh �uvw
udqn lq wkhvh ixqfwlrqv,1 Hvshfldoo|/ wkh sursrvhg dojrulwkp lv deoh wr dfklhyh wkh 4 ¾ ¼ udqn lq
<7( ri wkh whvw ixqfwlrqv iru wkh frpsxwdwlrqdo wlph phwulf1

Vwdwlvwlfdo phdvxuhv
Qh{w/ zh frpsduh wkh shuirupdqfh ri wkh dojrulwkpv edvhg rq wkh glvwulexwlrq ri wkh gl�huhqfh
ehwzhhq wkh shuirupdqfh phwulfv1 Vxfk d frpsdulvrq kdv ehhq grqh/ iru lqvwdqfh/ lq ^44`1 Wkh
plqlpxp/ �uvw txduwloh/ phgldq/ wklug txduwloh dqg pd{lpxp ri wklv glvwulexwlrq duh uhsruwhg
lq Wdeoh 7151 D srvlwlyh ydoxh ri wkh phgldq iru frpsxwdwlrqdo wlph dqg pd{lpxp olvw ohqjwk
lqglfdwhv wkdw sursrvhg dojrulwkp uhtxluhv ohvv frpsxwdwlrqdo wlph dqg pd{lpxp olvw ohqjwk
iru pruh wkdq kdoi ri wkh vroyhg whvw ixqfwlrqv1 D qhjdwlyh ydoxh ri phgldq iru wkh ixqfwlrq
hydoxdwlrq dqg  rsv vkrz wkdw sursrvhg dojrulwkp uhtxluhv pruh ixqfwlrq hydoxdwlrqv iru
pruh wkdq kdoi ri wkh whvw ixqfwlrqv1 Wkh lqwhu0txduwloh glvwdqfh fohduo| vkrzv wkh dgydqwdjh
ri wkh sursrvhg dojrulwkp lq whupv ri frpsxwdwlrqdo wlph dqg pd{lpxp olvw ohqjwk phwulfv1

Plqlpxp/ phdq/ dqg pd{lpxp phdvxuhv
Lq Wdeoh 716/ zh jlyh wkh dyhudjh +ryhu doo whvw ixqfwlrqv, ri wkh udwlr dqg shufhqw uhgxfwlrq
gh�qhg hduolhu1 Wdeoh 716 vkrzv wkdw zlwk wkh sursrvhg dojrulwkp/ rq wkh dyhudjh zh rewdlq dq
lqfuhdvh lq wkh qxpehu ri ixqfwlrq hydoxdwlrqv  rsv dqg pd{lpxp olvw ohqjwkv1 Pruhryhu/ zh
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rewdlq d jrrg uhgxfwlrq lq wkh frpsxwdwlrqdo wlph zlwk wkh sursrvhg dojrulwkp lq pdmrulw|
ri wkh whvw ixqfwlrqv1

Shuirupdqfh sur�ohv
Wkh iroorzlqj revhuydwlrqv duh pdgh iurp wkh shuirupdqfh sur�oh sorwv frpsxwhg iru ydulrxv
shuirupdqfh phwulfv1
Qxpehu ri ixqfwlrq hydoxdwlrqv
Shuirupdqfh sur�oh sorwv iru wkh qxpehu ri ixqfwlrq hydoxdwlrqv +vhh Iljxuh 714 , vkrz wkdw
wkh sursrvhg dojrulwkp vroyhv rqo| 53( ri wkh +qxpehu ri, whvw ixqfwlrqv iru � @ 4 dqg
uhpdlqlqj ;3( iru � ? <3= Wkh edvlf dojrulwkp lv deoh wr vroyh <5( ri wkh whvw ixqfwlrqv iru
� @ 4= Wklv vkrzv wkh sursrvhg dojrulwkp lv deoh wr vroyh doo wkh whvw ixqfwlrqv iru � ? <3>
dqg wkdw lw uhtxluhv pruh qxpehu ri ixqfwlrq hydoxdwlrqv iru ;3( ri wkh whvw ixqfwlrqv1
Frpsxwdwlrqdo h�ruw + rsv,
Shuirupdqfh sur�oh sorwv iru frpsxwdwlrqdo h�ruw lq whupv ri  rsv duh vkrzq lq Iljxuh 7151
Wkh sursrvhg dojrulwkp vroyhv 65( ri wkh whvw ixqfwlrqv iru � @ 4> dqg wkh uhpdlqlqj :;(
iru � ? ;3= Wkh edvlf dojrulwkp frxog vroyh :9( ri wkh whvw ixqfwlrqv iru � @ 4> dqg 49( ri
wkh whvw ixqfwlrqv iru � ? 5= Wklv vkrzv wkh sursrvhg dojrulwkp lv deoh wr vroyh doo wkh whvw
ixqfwlrqv iru � ? ;3> dqg wkdw :;( ri wkh whvw ixqfwlrqv uhtxluh pruh frpsxwdwlrqdo h�ruw
zlwk lw1
Frpsxwdwlrqdo wlph1 Shuirupdqfh sur�oh sorwv iru frpsxwdwlrqdo wlph +vhh Iljxuh 716 , vkrz
wkdw wkh sursrvhg dojrulwkp lv deoh wr vroyh <7( ri wkh whvw ixqfwlrqv iru � @ 4= Wkh edvlf
dojrulwkp lv deoh wr vroyh 9( ri wkh whvw ixqfwlrqv iru � @ 4 dqg wkh uhpdlqlqj ;9( iru �
? 833= Lq d pdmrulw| ri wkh whvw ixqfwlrqv/ wkh sursrvhg dojrulwkp lv frqvlghudeo| idvwhu1
Pd{lpxp olvw ohqjwk
Shuirupdqfh sur�oh sorwv iru pd{lpxp olvw ohqjwk +vhh Iljxuh 717, vkrz wkdw wkh sursrvhg
dojrulwkp vroyhv 95( ri whvw ixqfwlrqv iru � @ 4> dqg uhpdlqlqj 6;( iru � ? 98= Wkh edvlf
dojrulwkp vroyhv 79( iru � @ 4> dqg uhpdlqlqj 79( ri whvw ixqfwlrqv iru � ? 8= Wklv vkrzv
wkdw wkh sursrvhg dojrulwkp lv deoh wr vroyh doo wkh whvw ixqfwlrq iru � ? 98> dqg wkdw lw
uhtxluhv ohvv phpru| iru 95( ri wkh whvw ixqfwlrqv1

71715 Whuplqdwlrq fulwhulrq E
Wdeohv 7144 0 7147 jlyh wkh rewdlqhg uhvxowv lq whupv ri wkh shuirupdqfh phwulfv iru wkh ydulrxv
whvw ixqfwlrqv zkhq wkh dojrulwkp lv whvwhg zlwk whuplqdwlrq E1 Dw wkh rxwvhw/ qrwh wkdw iru
wkh frqvlghuhg grpdlqv dqg dffxudf|/ wkh sursrvhg dojrulwkp lv deoh wr vroyh doo wkh whvw
ixqfwlrqv zkhuhdv wkh edvlf dojrulwkp lv deoh wr vroyh rqo| ;3( ri wkh whvw ixqfwlrqv1
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Udqnlqj
Wdeoh 717 jlyhv wkh udqnlqj ri wkh dojrulwkpv lq rxu vwxglhv +D kljkhu udqn lv dvvljqhg wr wkh
dojrulwkp zlwk ohvvhu shuirupdqfh phwulf ydoxh,1 Wdeoh 717 vkrzv wkdw lq d pdmrulw| ri wkh
vroyhg whvw ixqfwlrqv/ wkh sursrvhg dojrulwkp lv ehwwhu lq whupv  rsv/ frpsxwdwlrqdo wlph
dqg pd{lpxp olvw ohqjwk +wzr ri wkh whvw ixqfwlrq uhtxluh vdph qxpehu ri ixqfwlrq fdoov dqg
�yh ri wkh whvw ixqfwlrq uhtxluh vdph pd{lpxp olvw ohqjwk zlwk hlwkhu dojrulwkp/ dqg wkh|
jhw erwk udqnv,1 Hvshfldoo|/ wkh sursrvhg dojrulwkp lv deoh wr dfklhyh wkh 4 ¾ ¼ udqn lq <7( ri
wkh whvw ixqfwlrqv iru wkh frpsxwdwlrqdo wlph phwulf1

Vwdwlvwlfdo phdvxuhv
Qh{w/ zh frpsduh wkh shuirupdqfh ri wkh dojrulwkpv edvhg rq wkh glvwulexwlrq ri wkh gl�huhqfh
ehwzhhq wkh shuirupdqfh phwulfv1 Wkh plqlpxp/ �uvw txduwloh/ phgldq/ wklug txduwloh dqg
pd{lpxp ri wklv glvwulexwlrq duh uhsruwhg lq Wdeoh 7181
D srvlwlyh ydoxh ri wkh phgldq iru  rsv/ frpsxwdwlrqdo wlph dqg pd{lpxp olvw ohqjwk

lqglfdwhv wkdw sursrvhg dojrulwkp uhtxluhv ohvv  rsv/ frpsxwdwlrqdo wlph dqg pd{lpxp olvw
ohqjwk iru pruh wkdq kdoi ri wkh vroyhg whvw ixqfwlrqv1 D qhjdwlyh ydoxh ri phgldq iru wkh
ixqfwlrq hydoxdwlrq vkrzv wkdw sursrvhg dojrulwkp uhtxluhv pruh ixqfwlrq hydoxdwlrqv iru
pruh wkdq kdoi ri wkh whvw ixqfwlrqv1 Wkh lqwhu0txduwloh glvwdqfh fohduo| vkrzv wkh dgydqwdjh
ri wkh sursrvhg dojrulwkp lq whupv ri  rsv/ frpsxwdwlrqdo wlph dqg pd{lpxp olvw ohqjwk1

Plqlpxp/ phdq/ dqg pd{lpxp phdvxuhv
Lq Wdeoh 719/ zh jlyh wkh dyhudjh +ryhu doo whvw ixqfwlrqv, ri wkh udwlr dqg shufhqw uhgxf0
wlrq gh�qhg hduolhu1 Wdeoh 719 vkrzv wkdw zlwk wkh sursrvhg dojrulwkp/ rq wkh dyhudjh udwlr
zh rewdlq ghfuhdvh lq wkh qxpehu ri ixqfwlrq hydoxdwlrqv /  rsv/ frpsxwdwlrqdo wlph dqg
pd{lpxp olvw ohqjwk exw dyhudjh shufhqw uhgxfwlrq vkrzv rqo| ghfuhdvh lq frpsxwdwlrqdo
wlph1

Shuirupdqfh sur�ohv
Wkh iroorzlqj revhuydwlrqv duh pdgh iurp wkh shuirupdqfh sur�oh sorwv frpsxwhg iru ydulrxv
shuirupdqfh phwulfv1
Qxpehu ri ixqfwlrq hydoxdwlrqv
Shuirupdqfh sur�oh sorwv iru wkh qxpehu ri ixqfwlrq hydoxdwlrqv +fi1 Iljxuh 718, vkrz d ehwwhu
shuirupdqfh zlwk wkh sursrvhg dojrulwkp1 Wkh sursrvhg dojrulwkp vroyhv 85( ri wkh +qxpehu
ri, whvw ixqfwlrqv iru � @ 4 dqg uhpdlqlqj 7;( iru � ? 7=:= Wkh edvlf dojrulwkp lv deoh wr
vroyh 85( ri wkh whvw ixqfwlrqv iru � @ 4 dqg 6;( ri wkh whvw ixqfwlrqv iru � ? 43= Wklv vkrzv
wkdw wkh sursrvhg dojrulwkp lv deoh wr vroyh doo wkh whvw ixqfwlrqv iru � ? 7=:> dqg wkdw lw
uhtxluhv ohvv qxpehu ri ixqfwlrq hydoxdwlrqv iru 85( ri wkh whvw ixqfwlrqv1
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Frpsxwdwlrqdo h�ruw + rsv,1 Shuirupdqfh sur�oh sorwv iru frpsxwdwlrqdo h�ruw lq whupv ri  rsv
duh vkrzq lq Iljxuh 7191 Wkh sursrvhg dojrulwkp vroyhv 63( ri wkh whvw ixqfwlrqv iru � @ 4>
dqg wkh uhpdlqlqj :3( iru � ? 7=:8= Wkh edvlf dojrulwkp frxog vroyh 53( ri wkh whvw ixqfwlrqv
iru � @ 4> dqg 93( ri wkh whvw ixqfwlrqv iru � ? 4583= Wklv vkrzv wkh sursrvhg dojrulwkp lv
deoh wr vroyh doo wkh whvw ixqfwlrqv iru � ? 7=:8> dqg wkdw 63( ri wkh whvw ixqfwlrqv uhtxluh
ohvv frpsxwdwlrqdo h�ruw zlwk lw1
Frpsxwdwlrqdo wlph
Shuirupdqfh sur�oh sorwv iru frpsxwdwlrqdo wlph +fi1 Iljxuh 71:, vkrz wkh sursrvhg dojrulwkp
lv deoh wr vroyh <7( ri wkh whvw ixqfwlrqv iru � @ 4 dqg wkh uhpdlqlqj 9( iru � ? 4=56= Wkh
edvlf dojrulwkp lv deoh wr vroyh rqo| ;3( ri wkh whvw ixqfwlrqv1 Wkh edvlf dojrulwkp vroyhv 9(
ri wkh whvw ixqfwlrq iru � @ 4 dqg wkh uhpdlqlqj :7( iru � ? ;:5<= Lq <7( whvw ixqfwlrqv/
wkh sursrvhg dojrulwkp lv frqvlghudeo| idvwhu1
Pd{lpxp olvw ohqjwk
Shuirupdqfh sur�oh sorwv iru pd{lpxp olvw ohqjwk +fi1 Iljxuh 71;, vkrz wkdw wkh sursrvhg
dojrulwkp vroyhv :5( ri whvw ixqfwlrqv iru � @ 4> dqg uhpdlqlqj 5;( iru � ? 7=:= Wkh edvlf
dojrulwkp vroyhv mxvw 4<( iru � @ 4> 9 dqg wkh uhpdlqlqj 94( iru � ? ;=4(= Wklv vkrzv wkdw
wkh sursrvhg dojrulwkp lv deoh wr vroyh doo wkh whvw ixqfwlrq iru � ? 7=:> dqg wkdw lw uhtxluhv
ohvv phpru| iru :5( ri wkh whvw ixqfwlrqv1

718 Frqfoxvlrqv
Whuplqdwlrq fulwhulrq D

Dw wkh rxwvhw/ zh qrwh wkdw iru wkh frqvlghuhg grpdlqv dqg dffxudf|/ wkh sursrvhg dojrulwkp
lv deoh wr vroyh doo wkh whvw ixqfwlrqv/ zkhuhdv wkh edvlf dojrulwkp lv deoh wr vroyh rqo| derxw
<5( ri wkh whvw ixqfwlrqv1
Rq dq dyhudjh/ wkh sursrvhg dojrulwkp uhtxluhv 7;<( pruh ixqfwlrq hydoxdwlrqv/ 86;(

pruh frpsxwdwlrqdo h�ruw/ 574(pruh olvw ohqjwk1 Wkh uhdvrqv iru wklv lqfuhdvh duh dv iroorzv1
� Wkh qxpehu ri ixqfwlrq hydoxdwlrqv dqg  rsv lv pruh zlwk wkh sursrvhg dojrulwkp
ehfdxvh wkh ixqfwlrq lv hydoxdwhg rq doo er{hv suhvhqw lq wkh olvw1 Zkhuhdv lq wkh edvlf
dojrulwkp/ wkh ixqfwlrq lv hydoxdwhg rqo| rq wkh ohdglqj er{ ri wkh olvw1

� Wkh pd{lpxp olvw ohqjwk lv pruh zlwk wkh sursrvhg dojrulwkp ehfdxvh li o � er{hv duh
suhvhqw lq wkh olvw dw vrph lwhudwlrq/ wkhq wkh qxpehu ri er{hv diwhu elvhfwlrq lq wkh
sursrvhg dojrulwkp lv 5o � zkhuhdv lw lv rqo| o � . 4 lq wkh edvlf dojrulwkp1

Krzhyhu/ ghvslwh wkh lqfuhdvh lq qxpehu ri ixqfwlrq hydoxdwlrqv/ frpsxwdwlrqdo h�ruw/ dqg
pd{lpxp olvw ohqjwk/ wkh sursrvhg dojrulwkp jlyhv dq dyhudjh vshhg lpsuryhphqw ri 9;(1
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Ixuwkhu/ zkloh lpsuryhphqwv lq vshhg duh rewdlqhg lq <7( whvw ixqfwlrqv/ lpsuryhphqwv
+l1h1/ uhgxfwlrqv, lq qxpehu ri ixqfwlrq hydoxdwlrqv/  rsv/ dqg pd{lpxp olvw ohqjwk duh re0
wdlqhg lq 53(> 65(> dqg 95( ri whvw ixqfwlrqv/ uhvshfwlyho|1 Wkh shuirupdqfh sur�oh sorwv
vkrz d fohdu vxshulrulw| ri wkh sursrvhg dojrulwkp ryhu wkh edvlf dojrulwkp iru wkh frpsx0
wdwlrqdo wlph1
Lq vkruw/ wkh sursrvhg dojrulwkp xvhv wkh h{wud ixqfwlrq hydoxdwlrqv/ frpsxwdwlrqdo h�ruw/

dqg pd{lpxp olvw ohqjwk h�hfwlyho|/ |lhoglqj frqvlghudeoh vdylqjv lq frpsxwdwlrqdo wlph

Whuplqdwlrq fulwhulrq E

Iru wkh frqvlghuhg grpdlqv dqg dffxudf|/ wkh sursrvhg dojrulwkp lv deoh wr vroyh doo wkh whvw
ixqfwlrqv zkhuhdv wkh edvlf dojrulwkp lv deoh wr vroyh rqo| derxw ;3( ri wkh whvw ixqfwlrqv1
Rq wkh dyhudjh wkh sursrvhg dojrulwkp uhtxluhv 99=6:( pruh ixqfwlrq hydoxdwlrqv/ 7<(

pruh frpsxwdwlrqdo h�ruw/ 4;( pruh phpru| exw jlyhv d vshhg lpsuryhphqw ri :7=5(=
Zkloh wkh lpsuryhphqwv lq vshhg duh rewdlqhg lq <7( ri whvw ixqfwlrqv/ lpsuryhphqwv +l1h1/

uhgxfwlrqv, lq qxpehu ri ixqfwlrq hydoxdwlrqv/  rsv/ dqg pd{lpxp olvw ohqjwk duh rewdlqhg
lq 85(> 93(> dqg :5( ri whvw ixqfwlrqv uhvshfwlyho|1
Wkh shuirupdqfh sur�oh sorwv vkrz d fohdu vxshulrulw| ri wkh sursrvhg dojrulwkp ryhu wkh

edvlf dojrulwkp z1u1w1 doo wkh shuirupdqfh phwulfv frqvlghuhg iru wklv whuplqdwlrq fulwhulrq1
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WDEOH 7141 Udqnlqjv zlwk whuplqdwlrq fulwhulrq D1 Qrwh wkdw vl{ whvw ixqfwlrqv uhtxluh vdph qxpehu
ri ixqfwlrq fdoov/ zkloh irxu whvw ixqfwlrqv uhtxluh vdph  rsv dqg pd{lpxp olvw ohqjwk zlwk erwk wkh
dojrulwkpv1 Khqfh/ erwk dojrulwkpv rewdlq wkh �uvw udqn lq wkhvh ixqfwlrqv1

Qxpehu ri �uvw udqnv Qxpehu ri �uvw udqnv
Shuirupdqfh phwulf zlwk edvlf dojrulwkp zlwk sursrvhg dojrulwkp
Ixqfwlrq hydoxdwlrqv 79 43
Iorsv 6; 49
Frpsxwdwlrqdo wlph 6 7:
Pd{lpxp olvw ohqjwk 56 64

WDEOH 7151 Vwdwlvwlfdo phdvxuhv zlwk whuplqdwlrq fulwhulrq D1
Shuirupdqfh phwulf Plqlpxp Iluvw Txduwloh Phgldq Vhfrqg Txduwloh Pd{lpxp
Ixqfwlrq 07137�43 ¿ 061:7�43 À 076< 075 91;;�43 �
hydoxdwlrqv
Iorsv 04149�43 Á 0518<�43 Â 04147�43 ¿ 4157�43 � 51<7�43 Á
Frpsxwdwlrqdo 05<1: 31;: ;1<8 613:�43 � 514�43 �
wlph
Pd{lpxp 051:7�43 � 0561:8 3 46 59:;
olvw ohqjwk

WDEOH 7161 Plqlpxp/ Phdq/ dqg Pd{lpxp ri Udwlrv dqg Shufhqw Uhgxfwlrqv zlwk whuplqdwlrq
fulwhulrq D1

Shuirupdqfh Udwlr Shufhqw Uhgxfwlrq
phwulf Plq1 Phdq Pd{1 Plq1 Phdq Pd{1
Ixqfwlrq 3134 3194 515< 0;:7;( 07;:187( 8916;(
Hydoxdwlrqv
Iorsv 3134 31:5 51; 0:8;816<( 086:149( 9716(
Frpsxwdwlrqdo 31:4 5913; 7;41:4 073( 9;177( <<1:<(
wlph
Pd{1 olvw ohqjwk 3135 31<; 7164 09496149( 05731<<( :91:;(



7; 71 Rq vshhglqj xs wkh joredo rswlpl}dwlrq dojrulwkp

WDEOH 7171 Udqnlqjv zlwk whuplqdwlrq fulwhulrq E1

Qxpehu ri �uvw udqnv Qxpehu ri �uvw udqnv
Shuirupdqfh phwulf zlwk edvlf dojrulwkp zlwk sursrvhg dojrulwkp
Ixqfwlrq hydoxdwlrqv 59 59
Iorsv 53 63
Frpsxwdwlrqdo wlph 6 7:
Pd{lpxp olvw ohqjwk 4< 69

WDEOH 7181 Vwdwlvwlfdo phdvxuhv zlwk whuplqdwlrq fulwhulrq E1
Shuirupdqfh phwulf Plqlpxp Iluvw Txduwloh Phgldq Vhfrqg Txduwloh Pd{lpxp
Ixqfwlrq 05765 06<6 077 43:4 86746;
hydoxdwlrqv
Iorsv 051:7�43 ª 041:�43 ¿ 6659 418<9;�43 ª 4144;�43 ��º
Frpsxwdwlrqdo 031; 5178 4813: 446615 618<�43 �
wlph
Pd{lpxp 043<56 071:8 418 77 6;458
olvw ohqjwk

WDEOH 7191 Plqlpxp/ Phdq/ dqg Pd{lpxp ri Udwlrv dqg Shufhqw Uhgxfwlrqv zlwk whuplqdwlrq
fulwhulrq E1

Shuirupdqfh Phwulf Udwlr Shufhqw Uhgxfwlrq
Plq1 Phdq Pd{1 Plq1 Phdq Pd{1

Ixqfwlrq 315 4179 <167 06<:( 08516;( ;<15<(
Hydoxdwlrqv
Iorsv 314< 74168 4568165 075<( 07<( <<1<5(
Frpsxwdwlrqdo 31;4 7331;8 ;:77 056148( :714:( <<1<<(
wlph
Pd{1 olvw ohqjwk 3154 4165 ;13; 069<177( 04;156( ;:196(



718 Frqfoxvlrqv 7<

WDEOH 71:1 Ixqfwlrq hydoxdwlrqv iru edvlf dqg sursrvhg dojrulwkpv zlwk whuplqdwlrq fulwhulrq D1

V1Qr Whvw ixqfwlrq Glphqvlrq % � Edvlf Sursrvhg Udwlr Shufhqw
dojrulwkp dojrulwkp uhgxfwlrq

4 Urvhqeurfn o @ 5/ p @ 5 43 Ã&� 449 8<3 315 073;195(
5 Iuhxghqvwhlq o @5/ p @5 43 Ã&� 4/6:9 5/577 3194 094196(

dqg Urwk
6 Srzhoo edgo| o @ 5/ p @ 5 43 Ã&� A 59:/395 :/:37/475 - -

vfdohg
7 Eurzq edgo| o @ 5/ p @ 6 43 Ã&� 6:: 66/68: 3134 0;:7;(

vfdohg
8 Ehdoh o @ 5/ p @ 6 43 Ã&� 773 933 31:6 069169(
9 Mhqulfk dqg o @ 5/ p @ 43 43 Ã&� 6/673 6/677 31<< 03145(

Vdpsvrq
: Kholfdo ydooh| o @ 6/ p @ 6 43 Ã&� 673 699 31<6 0:198(
; Edug o @ 6/ p @ 48 43 Ã&� 87/659 :3/39; 31:; 05;1<;(
< Jdxvvldq o @ 6/ p @ 49 43 Ã&� 589 4/889 3149 083:1;4(
43 Ph|hu o @ 6/ p @ 48 43 Ãu� 9;/6;3 :6/7<8 31<6 0:17;(
44 Jxoi uhvhdufk o @ 6/ p @ 6 43 Ã&� A777/355 8/9;9/6;< - -
45 Er{ wkuhh o @ 6/ p @ 6 43 Ã&� :5/83; 464/644 3188 0;4143(

glphqvlrqdo
46 Srzhoo o @ 7/ p @ 7 43 Ã&� 8/55; 8/555 4133 4417;(

vlqjxodu
47 Zrrg o @ 7/ p @ 9 43 Ã&� 653 4/<33 314: 07<61:8(
48 Nrzdoln dqg o @ 7/ p @ 44 43 Ã&� 493/685 666/<<9 317; 043;15<(

Rveruqh
49 Eurzq dqg o @ 7/ p @ 53 43 Ã&� 69/6;9 69/:83 31<< 04133(

Ghqqlv
4: Rveruqh 4 o @ 8/ p @ 66 43 Ã&� 6</695 7:/3<3 31;7 04<196(

4; Eljjv H[S 9 o @ 9/ p @ 46 43 Ãu� 496/369 899/<43 315< 057:1:5(

4< Rveruqh 5 o @ 44/ p @ 98 43 Ãu� 455/374 86/565 515< 8916;(
53 Zdwvrq o @ 9/ p @ 64 43 Ãu� 6:/357 94/<48 318< 09:156(
54 H{whqghg o @ 7/ p @ 7 43 Ã&� 4<7 4/63; 3148 08:7156(

Urvhqeurfn
55 H{whqghg Srzhoo o @ 7/ p @ 7 43 Ã&� 5/943 5/943 4133 3133(

vlqjxodu



83 71 Rq vshhglqj xs wkh joredo rswlpl}dwlrq dojrulwkp

Wdeoh 71: +Frqwg1,
V1Qr Whvw ixqfwlrq Glphqvlrq % � Edvlf Sursrvhg Udwlr Shufhqw

dojrulwkp dojrulwkp uhgxfwlrq
56 Shqdow| L o @ 7/ p @ 8 43 Ã&� 5;/<<9 475/543 3153 06<3178(
57 Shqdow| LL o @ 7/ p @ ; 43 Ã&� 6/739 59</78; 3134 0:;44163(
58 Yduldeo| glp1 o @ 5/ p @7 43 Ã&� 6; :3 3187 0;7154(
59 Wuljrqrphwulf o @ 7/ p @7 43 Ã&� ;;5 ;;5 4133 3133(
5: Eurzq doprvw o @ 7/ p @7 43 Ã&� ;:/67; 448/8;9 31:9 065166(

olqhdu
5; Glvfuhwh erxqgdu| o @ 5/ p @5 43 Ã&� ;3 449 319< 078(

ydoxh
5< Glvfuhwh lqwhjudo ht1 o @ 7/ p @7 43 Ã&� ;3 55; 3168 04;8(
63 Eur|ghq wulgldjrqdo o @ 7/ p @7 43 Ã&� 8<7 5/7<5 3157 064<186(
64 Eur|ghq eudqghg o @ 7/ p @7 43 Ã&� 6<9 ;47 317< 0438189(
65 Olqhdu ixoo udqn o @ 7/ p @7 43 Ã&� 4/3:3 6/763 3164 0553189(
66 Olqhdu udqn04 o @ 6/ p @7 43 Ãu� A4;</87; 4/395/;35 - -
67 Olqhdu udqn04 zlwk o @ 5/ p @7 43 Ã&� A57</:4; 4/8:5/;53 - -

}hur froxpq dqg urzv
68 Fkhe|txdg o @ 5/ p @5 43 Ã&� 4<; 575 31;5 055155(
69 VKFE= Vl{ o @ 5/ p @4 43 Ã&� 4/779 4/783 31<< 0315;(

kxps fdpho
6: WKFE= Wkuhh o @ 5/ p @4 43 Ã&� ::7 ;43 31<9 07198(

kxps fdpho
6; EU= Eudqlq o @ 5/ p @4 43 Ã&� 443 4;7 318< 09:15:(
6< O6= Ohy| o @ 5/ p @4 43 Ã&� 4/:87 6/353 318; 0:514:(
73 O8= Ohy| o @ 5/ p @4 43 Ã&� 6<7 4879 3159 05<516<(
74 O;= Ohy| o @ 6/ p @4 43 Ã&� 95 573 3159 05;:13<(
75 O4;= Ohy| o @ :/ p @4 43 Ã&� 4;7 977 315< 0583(
76 Vfkz518= Errwk o @ 5/ p @4 43 Ã&� 479 533 31:6 0691<<(
77 Vfkz514;= Pdw|dv o @ 5/ p @4 43 Ã&� 4/46; 4/659 31;9 049185(
78 Vfkz614= Vfkzhiho o @ 6/ p @4 43 Ã&� :; 5<9 3159 05:<17<(
79 Vfkz614s= Vfkzhiho o @ 6/ p @4 43 Ã&� 563 ;37 315< 057<18:(
7: Vfkz615= Vfkzhiho o @ 6/ p @4 43 Ã&� 4;9 735 3179 0449146(
7; Julhz8= Julhzdqn o @ 8/ p @4 43 Ã&� 4<37 84;5 316: 04:5149(
7< JS= Jrogvwhlq dqg o @ 5/ p @4 43 Ã&� ;;/6:5 ;;/6;; 31<< 03135(

sulfh
83 U7= Udw} o @ 5/ p @4 43 Ã&� 4/5<7 4/8:7 31;5 054197(



718 Frqfoxvlrqv 84

WDEOH 71;1 Iorsv iru edvlf dqg sursrvhg dojrulwkpv zlwk whuplqdwlrq fulwhulrq D1

V1Qr Whvw ixqfwlrq Glphqvlrq % � Edvlf Sursrvhg Udwlr Shufhqw
dojrulwkp dojrulwkp uhgxfwlrq

4 Urvhqeurfn o @ 5/ p @ 5 43 Ã&� 44/<49 85/:4: 3156 067517(
5 Iuhxghqvwhlq o @5/ p @5 43 Ã&� 566/943 679/45; 319: 07;149(

dqg Urwk
6 Srzhoo edgo| o @ 5/ p @ 5 43 Ã&� A ;;/8:8/47; 5174�43 Á - -

vfdohg
7 Eurzq edgo| o @ 5/ p @ 6 43 Ã&� 53/469 4/7;4/:3; 3134 0:58;18(

vfdohg
8 Ehdoh o @ 5/ p @ 6 43 Ã&� <:/<:8 453/333 31;5 05517;(
9 Mhqulfk dqg o @ 5/ p @ 43 43 Ã&� </49;/966 </474/58; 4133 316(

Vdpsvrq
: Kholfdo ydooh| o @ 6/ p @ 6 43 Ã&� 43:/576 43;/467 31<< 0;613;(
; Edug o @ 6/ p @ 48 43 Ã&� ::/589/58: <:/;6;/48< 31:< 059197(
< Jdxvvldq o @ 6/ p @ 48 43 Ã&� 4/7;;/637 ;/<94/485 3149 083514(
43 Ph|hu o @ 6/ p @ 49 43 Ãu� 489/;84/795 488/946/;84 4133 417;(
44 Jxoi uhvhdufk o @ 6/ p @ 6 43 Ã&� A84;/959/3:4 8188�43 Á - -
45 Er{ wkuhh o @ 6/ p @ 6 43 Ã&� 5:/349/::< 75/758/:55 3197 08:136(

glphqvlrqdo
46 Srzhoo o @ 7/ p @ 7 43 Ã&� 4/947/33< 4/7:7/:93 413< ;1958(

vlqjxodu
47 Zrrg o @ 7/ p @ 9 43 Ã&� 457/459 9<3/:55 314; 078917:(
48 Nrzdoln dqg o @ 7/ p @ 44 43 Ã&� 697/;73/8:: :8</;:9/5;8 317; 043;15;(

Rveruqh
49 Eurzq dqg o @ 9/ p @ 53 43 Ã&� 436/<58/775 437/884/<64 31<< 09315;(

Ghqqlv
4: Rveruqh 4 o @ 8/ p @ 66 43 Ã&� 598/:4</546 5<7/469/3<3 31<3 04319<(
4; Eljjv H[S 9 o @ 9/ p @ 46 43 Ãu� 8:3/487/766 41:6�43 Á 3166 0536186(
4< Rveruqh 5 o @ 44/ p @ 98 43 Ãu� 71<7�43 Á 5�43 Á 517: 8<179(
53 Zdwvrq o @ 9/ p @ 64 43 Ãu� 547/477/<8: 643/395/6<4 319< 0771:<(
54 H{whqghg o @ 7/ p @ 7 43 Ã&� 83/453 64</737 3149 086:15;(

Urvhqeurfn
55 H{whqghg Srzhoo o @ 7/ p @ 7 43 Ã&� :<6/:36 :6;/473 413; :(

vlqjxodu



85 71 Rq vshhglqj xs wkh joredo rswlpl}dwlrq dojrulwkp

Wdeoh 71; +Frqwg1,
V1Qr Whvw ixqfwlrq Glphqvlrq % � Edvlf Sursrvhg Udwlr Shufhqw

dojrulwkp dojrulwkp uhgxfwlrq
56 Shqdow| L o @ 7/ p @ ; 43 Ã&� 43/5;4/573 7;/4::/;:4 3154 069;18<(
57 Shqdow| LL o @ 7/ p @ ; 43 Ã&� 8/8<8/787 763/365/;5; 3134 0:8;817(
58 Yduldeo| glp1 o @ 5/ p @7 43 Ã&� :/;37 46/;96 3189 0::197(
59 Wuljrqrphwulf o @ 7/ p @7 43 Ã&� 6/765/3<; 6/6;3/53: 4134 4184(
5: Eurzq doprvw o @ 7/ p @7 43 Ã&� 65/567/9;8 75/5;9/959 31:9 06414;(

olqhdu
5; Glvfuhwh erxqgdu| o @ 5/ p @5 43 Ã&� 4:/475 54/:;5 31:< 05:13:(

ydoxh
5< Glvfuhwh lqwhjudo ht1 o @ 7/ p @7 43 Ã&� ;8/868 545/3:: 317 047:1<7(
63 Eur|ghq wulgldjrqdo o @ 7/ p @7 43 Ã&� 53</336 ;7:/;;; 3158 063819;(
64 Eur|ghq eudqghg o @ 7/ p @7 43 Ã&� 544/8;8 764/744 317< 04361;<(
65 Olqhdu ixoo udqn o @ 7/ p @7 43 Ã&� 66:/35: 4/35:/<36 3166 05371<<(
66 Olqhdu udqn04 o @ 6/ p @7 43 Ãu� A73/744/;9< 544/569/47; - -
67 Olqhdu udqn04 zlwk o @ 5/ p @7 43 Ã&� A79/;<</4;9 5:4/46</695 - -

}hur froxpq dqg urzv
68 Fkhe|txdg o @ 5/ p @5 43 Ã&� 57/334 58/857 31<7 09168(
69 VKFE= Vl{ o @ 5/ p @4 43 Ã&� 646/464 56</;47 31:: 06318:(

kxps fdpho
6: WKFE= Wkuhh o @ 5/ p @4 43 Ã&� 466/868 437/<43 415: 54177(

kxps fdpho
6; EU= Eudqlq o @ 5/ p @4 43 Ã&� 74/346 96/97; 3197 08814<(
6< O6= Ohy| o @ 5/ p @4 43 Ã&� 6/;;;/366 9/97;/343 318; 0:31<<(
73 O8= Ohy| o @ 5/ p @4 43 Ã&� ;5</834 6/694/8<6 3158 0638158(
74 O;= Ohy| o @ 6/ p @4 43 Ã&� 53/68; 4/3::/9<: 3135 084<61:(
75 O4;= Ohy| o @ :/ p @4 43 Ã&� 757/<6< 4/7<6/337 315; 0584167(
76 Vfkz518= Errwk o @ 5/ p @4 43 Ã&� 47/;<5 4:/:;3 31;7 04<16<(
77 Vfkz514;= Pdw|dv o @ 5/ p @4 43 Ã&� ;8/<95 :;/879 413< ;196(
78 Vfkz614= Vfkzhiho o @ 6/ p @4 43 Ã&� 48/5<; 85/7<; 315< 057614:(
79 Vfkz614s= Vfkzhiho o @ 6/ p @4 43 Ã&� 43;/783 6;:/469 315; 05891<:(
7: Vfkz615= Vfkzhiho o @ 6/ p @4 43 Ã&� 59/;99 7</937 3187 0;7196(
7; Julhz8= Julhzdqn o @ 8/ p @4 43 Ã&� 7/:46/;86 49/7:4/<75 315< 057<177(
7< JS= Jrogvwhlq dqg o @ 5/ p @4 43 Ã&� ;5/496/8;4 :7/;63/97; 413< ;1<5(

sulfh
83 U7= Udw} o @ 5/ p @4 43 Ã&� 9;4/;39 :<:/9;9 31;8 0491<<(



718 Frqfoxvlrqv 86

WDEOH 71<1 Frpsxwdwlrqdo wlph iru edvlf dqg sursrvhg dojrulwkpv zlwk whuplqdwlrq fulwhulrq D1

V1Qr Whvw ixqfwlrq Glphqvlrq % � Edvlf Sursrvhg Udwlr Shufhqw
dojrulwkp dojrulwkp uhgxfwlrq

4 Urvhqeurfn o @ 5/ p @ 5 43 Ã&� 31<; 3178 514; 8713;(
5 Iuhxghqvwhlq o @5/ p @5 43 Ã&� 461;; 31; 4:168 <7157(

dqg Urwk
6 Srzhoo edgo| o @ 5/ p @ 5 43 Ã&� A 69/333 414;�43 Ä - -

vfdohg
7 Eurzq edgo| vfdohg o @ 5/ p @ 6 43 Ã&� 4158 41:8 31:4 073(
8 Ehdoh o @ 5/ p @ 6 43 Ã&� 71; 318< ;147 ;:1:4(

9 Mhqulfk dqg o @ 5/ p @ 43 43 Ã&� 6:17: 5194 47169 <6136(
Vdpsvrq

: Kholfdo ydooh| o @ 6/ p @ 6 43 Ã&� 71;; 414 7177 ::179(

; Edug o @ 6/ p @ 48 43 Ã&� 416�43 Å 6314 7614< <:19;(
< Jdxvvldq o @ 6/ p @ 48 43 Ã&� 715; 518 41:4 7418<(
43 Ph|hu o @ 6/ p @ 49 43 Ãu� :9;165 7:147 4915< <61;9(

44 Jxoi uhvhdufk o @ 6/ p @6 43 Ã&� A69/333 41<6�43 � - -
45 Er{ wkuhh glp1 o @ 6/ p @ 6 43 Ã&� :6418: 44137 9915: <;17<(
46 Srzhoo vlqjxodu o @ 7/ p @ 7 43 Ã&� :71: 41;9 73149 <:184(
47 Zrrg o @ 7/ p @ 9 43 Ã&� 813: 41<5 5197 95146(
48 Nrzdoln dqg o @ 7/ p @ 44 43 Ã&� 5146�43 � 55<197 <51:8 <;1<5(

Rveruqh
49 Eurzq dqg o @ 9/ p @ 53 43 Ã&� 76;16; 5715< 4;138 <7179(

Ghqqlv
4: Rveruqh 4 o @ 8/ p @ 66 43 Ã&� 67<14: ::16: 7184 ::1;7(
4; Eljjv H[S 9 o @ 9/ p @ 46 43 Ãu� :175�43 Å 83;16; 4718< <6148(
4< Rveruqh 5 o @ 44/ p @ 98 43 Ãu� 81<9�43 Å 934168 <1<4 ;<1<4(
53 Zdwvrq o @ 9/ p @ 64 43 Ãu� 916:�43 Æ 4391;7 81<9 <;1<6(
54 H{whqghg o @ 7/ p @ 7 43 Ã&� 514< 416 419; 73197(

Urvhqeurfn
55 H{whqghg Srzhoo o @ 7/ p @ 7 43 Ã&� 671;8 4189 55167 <8185(

vlqjxodu



87 71 Rq vshhglqj xs wkh joredo rswlpl}dwlrq dojrulwkp

Wdeoh 71< +Frqwg1,
V1Qr Whvw ixqfwlrq Glphqvlrq % � Edvlf Sursrvhg Udwlr Shufhqw

dojrulwkp dojrulwkp uhgxfwlrq
56 Shqdow| L o @ 7/ p @ 8 43 Ã&� <155�43 � 571:; 6:154 <:164(
57 Shqdow| LL o @ 7/ p @ ; 43 Ã&� 414�43 � 46<1: 31:< 05:(
58 Yduldeo| glp1 o @ 5/ p @7 43 Ã&� 3176 316< 414 <16(
59 Wuljrqrphwulf o @ 7/ p @7 43 Ã&� 87199 817: <1<< ;<1<<(
5: Eurzq doprvw o @ 7/ p @7 43 Ã&� 518<�43 Å 481<6 49518< <<16;(

olqhdu
5; Glvfuhwh erxqgdu| o @ 5/ p @5 43 Ã&� 4135 317 5188 931:;(

ydoxh
5< Glvfuhwh lqwhjudo ht1 o @ 7/ p @7 43 Ã&� 6149 519 4154 4:1:5(
63 Eur|ghq wulgldjrqdo o @ 7/ p @7 43 Ã&� ;1<5 4199 816: ;416<(
64 Eur|ghq eudqghg o @ 7/ p @7 43 Ã&� :1<; 41<4 714; :913:(
65 Olqhdu ixoo udqn o @ 7/ p @7 43 Ã&� 4813< 4166 4414< <414<(
66 Olqhdu udqn04 o @ 6/ p @7 43 Ãu� A69333 437136 - -
67 Olqhdu udqn04 zlwk o @ 5/ p @7 43 Ã&� A69333 4861;6 - -

}hur froxpq dqg urzv
68 Fkhe|txdg o @ 5/ p @5 43 Ã&� 41:6 3168 71<7 :<1::(
69 VKFE= Vl{ kxps fdpho o @ 5/ p @4 43 Ã&� 49178 4138 4819: <6195(
6: WKFE= Wkuhh kxps fdpho o @ 5/ p @4 43 Ã&� ;134 319 46168 <5184(
6; EU= Eudqlq o @ 5/ p @4 43 Ã&� 4168 318< 515< 8915<(
6< O6= Ohy| o @ 5/ p @4 43 Ã&� :518< :176 <1:: ;<1:9(
73 O8= Ohy| o @ 5/ p @4 43 Ã&� 49165 9137 51: 951<<(
74 O;= Ohy| o @ 6/ p @4 43 Ã&� 5195 5195 4 3133(
75 O4;= Ohy| o @ :/ p @4 43 Ã&� ;18; <18< 31;< 0441::(
76 Vfkz518= Errwk o @ 5/ p @4 43 Ã&� 4155 3175 51< 9818:(
77 Vfkz514;= Pdw|dv o @ 5/ p @4 43 Ã&� ;147 3185 48198 <6194(
78 Vfkz614= Vfkzhiho o @ 6/ p @4 43 Ã&� 31<: 31<8 4135 5139(
79 Vfkz614s= Vfkzhiho o @ 6/ p @4 43 Ã&� 718< 5 515< 89176(
7: Vfkz615= Vfkzhiho o @ 6/ p @4 43 Ã&� 41;5 3199 51:9 961:7(
7; Julhz8= Julhzdqn o @ 8/ p @4 43 Ã&� <;157 4;154 816< ;4179(
7< JS= Jrogvwhlq dqg o @ 5/ p @4 43 Ã&� 413;�43 Ä 55175 7;41:4 <<1:<(

sulfh
83 U7= Udw} o @ 5/ p @4 43 Ã&� 4:1:; 416 4619; <519<(



718 Frqfoxvlrqv 88

WDEOH 71431 Pd{lpxp olvw ohqjwk iru edvlf dqg sursrvhg dojrulwkpv zlwk whuplqdwlrq fulwhulrq D1

V1Qr Whvw ixqfwlrq Glphqvlrq % � Edvlf Sursrvhg Udwlr Shufhqw
dojrulwkp dojrulwkp uhgxfwlrq

4 Urvhqeurfn o @ 5/ p @ 5 43 Ã&� 44 49 319< 078178(
5 Iuhxghqvwhlq o @5/ p @5 43 Ã&� :8 99 4147 45(

dqg Urwk
6 Srzhoo edgo| o @ 5/ p @ 5 43 Ã&� A 78/34; 94;/89; - -

vfdohg
7 Eurzq edgo| o @ 5/ p @ 6 43 Ã&� 4< 44<3 3135 0949615(

vfdohg
8 Ehdoh o @ 5/ p @ 6 43 Ã&� 5: 56 414: 471;4(
9 Mhqulfk dqg o @ 5/ p @ 43 43 Ã&� :3 79 4185 6715<(

Vdpsvrq
: Kholfdo ydooh| o @ 6/ p @ 6 43 Ã&� 45 43 415 53(
; Edug o @ 6/ p @ 48 43 Ã&� 8885 7;38 4149 46178(
< Jdxvvldq o @ 6/ p @ 48 43 Ã&� 83 :5 319< 077(
43 Ph|hu o @ 6/ p @ 49 43 Ãu� 8448 8447 4133 3135(
44 Jxoi uhvhdufk o @ 6/ p @ 6 43 Ã&� A89/;9: <66/675 - -
45 Er{ wkuhh o @ 6/ p @ 6 43 Ã&� 5;76 5;;4 31<< 04167(

glphqvlrqdo
46 Srzhoo o @ 7/ p @ 7 43 Ã&� :5 :5 4133 3133(

vlqjxodu
47 Zrrg o @ 7/ p @ 9 43 Ã&� 55 84 3176 04641;5(
48 Nrzdoln dqg o @ 7/ p @ 44 43 Ã&� 63/8<6 8:/393 3187 0;9184(

Rveruqh
49 Eurzq dqg o @7/ p @ 53 43 Ã&� 655 53: 4189 681:4(

Ghqqlv
4: Rveruqh 4 o @ 8/ p @ 66 43 Ã&� 4/3;5 <69 414: 4617<(

4; Eljjv H[S 9 o @ 9/ p @ 46 43 Ãu� 53/459 7:/7;5 3175 04681<5(

4< Rveruqh 5 o @ 44/ p @ 98 43 Ãu� 5/676 877 7164 :91:;(
53 Zdwvrq o @ 9/ p @ 64 43 Ãu� 4/765 4/3<< 416 56158(
54 H{whqghg o @ 7/ p @ 7 43 Ã&� 44 55 318 0433(

Urvhqeurfn
55 H{whqghg Srzhoo o @ 7/ p @ 7 43 Ã&� 66 65 4136 6136(

vlqjxodu



89 71 Rq vshhglqj xs wkh joredo rswlpl}dwlrq dojrulwkp

Wdeoh 7143 +Frqwg1,
V1Qr Whvw ixqfwlrq Glphqvlrq % � Edvlf Sursrvhg Udwlr Shufhqw

dojrulwkp dojrulwkp uhgxfwlrq
56 Shqdow| L o @ 7/ p @ 8 43 Ã&� 9/;:9 54/666 3165 0543158(
57 Shqdow| LL o @ 7/ p @ ; 43 Ã&� ;45 59/<4< 3136 06155�43 Å (
58 Yduldeo| glp1 o @ 5/ p @7 43 Ã&� 5 5 3133 3133(
59 Wuljrqrphwulf o @ 7/ p @7 43 Ã&� 64 5: 4148 451<(
5: Eurzq doprvw o @ 7/ p @7 43 Ã&� 8/::< 6/454 41;8 781<<(

olqhdu
5; Glvfuhwh erxqgdu| o @ 5/ p @5 43 Ã&� ; 9 4166 58(

ydoxh
5< Glvfuhwh lqwhjudo ht1 o @ 7/ p @7 43 Ã&� : 44 3197 08:147(
63 Eur|ghq wulgldjrqdo o @ 7/ p @7 43 Ã&� ;8 43: 31:< 0581;;(
64 Eur|ghq eudqghg o @ 7/ p @7 43 Ã&� 89 68 419 6:18(
65 Olqhdu ixoo udqn o @ 7/ p @7 43 Ã&� 438 8< 41:; 761;4(
66 Olqhdu udqn04 o @ 6/ p @7 43 Ãu� A89/693 5<3/:37 - -
67 Olqhdu udqn04 zlwk o @ 5/ p @7 43 Ã&� A7;/74< 67</858 - -

}hur froxpq dqg urzv
68 Fkhe|txdg o @ 5/ p @5 43 Ã&� 49 45 4166 58(
69 VKFE= Vl{ kxps fdpho o @ 5/ p @4 43 Ã&� 465 ;; 418 66166(
6: WKFE= Wkuhh kxps fdpho o @ 5/ p @4 43 Ã&� 87 75 415< 55155(
6; EU= Eudqlq o @ 5/ p @4 43 Ã&� : : 4133 3133(
6< O6= Ohy| o @ 5/ p @4 43 Ã&� 48; 58< 3194 0961<5(
73 O8= Ohy| o @ 5/ p @4 43 Ã&� 69 49< 3154 069<177(
74 O;= Ohy| o @ 6/ p @4 43 Ã&� ; 59 3164 0558(
75 O4;= Ohy| o @ :/ p @4 43 Ã&� : 4; 316< 048:147(
76 Vfkz518= Errwk o @ 5/ p @4 43 Ã&� 9 : 31;9 04919:(
77 Vfkz514;= Pdw|dv o @ 5/ p @4 43 Ã&� 57 5; 31;9 04919:(
78 Vfkz614= Vfkzhiho o @ 6/ p @4 43 Ã&� 6 : 3176 0466166(
79 Vfkz614s= Vfkzhiho o @ 6/ p @4 43 Ã&� 64 46< 3155 067;16<(
7: Vfkz615= Vfkzhiho o @ 6/ p @4 43 Ã&� 45 45 4133 3133(
7; Julhz8= Julhzdqn o @ 8/ p @4 43 Ã&� 65 65 4133 3133(
7< JS= Jrogvwhlq dqg o @ 5/ p @4 43 Ã&� 8/8;3 ;/434 319< 07814;(

sulfh
83 U7= Udw} o @ 5/ p @4 43 Ã&� <5 :9 4154 4:16<(



718 Frqfoxvlrqv 8:

WDEOH 71441 Ixqfwlrq hydoxdwlrqv iru edvlf dqg sursrvhg dojrulwkpv zlwk whuplqdwlrq fulwhulrq E1

V1Qr Whvw ixqfwlrq Glphqvlrq % � Edvlf Sursrvhg Udwlr Shufhqw
dojrulwkp dojrulwkp uhgxfwlrq

4 Urvhqeurfn o @ 5/ p @ 5 43 Ã&� 483 8<5 3158 05<719:(
5 Iuhxghqvwhlq o @5/ p @5 43 Ã&� 4/<59 5/577 31;9 049184(

dqg Urwk
6 Srzhoo edgo| o @ 5/ p @ 5 43 Ã&� A 577/773 4/455/<;9 - -

vfdohg
7 Eurzq edgo| o @ 5/ p @ 6 43 Ã&� A5/<4;/:77 437/699 - -

vfdohg
8 Ehdoh o @ 5/ p @ 6 43 Ã&� :89 97; 414: 4715<(
9 Mhqulfk dqg o @ 5/ p @ 43 43 Ã&� 4/66; 4/675 31<< 0315<(

Vdpsvrq
: Kholfdo ydooh| o @ 6/ p @ 6 43 Ã&� 689 6;9 31<5 0;176(
; Edug o @ 6/ p @ 48 43 Ã&� 946/:;9 :</97; :1:4 ;:135(
< Jdxvvldq o @ 6/ p @ 49 43 Ã&� 837 4/889 3165 053;1:6(
43 Ph|hu o @ 6/ p @ 48 43 Ãu� A867/69: 7;/5<3 - -
44 Jxoi uhvhdufk o @ 6/ p @ 6 43 Ã&� A749/88: 65:/395 - -
45 Er{ wkuhh o @ 6/ p @ 6 43 Ã&� 5<3/754 ;6/4:< 617< :4169(

glphqvlrqdo
46 Srzhoo o @ 7/ p @ 7 43 Ã&� 8/795 8/795 4133 3133(

vlqjxodu
47 Zrrg o @ 7/ p @ 9 43 Ã&� 733 4/<;; 315 06<:133(
48 Nrzdoln dqg o @ 7/ p @ 44 43 Ã&� A4<6/;47 666/<<9 - -

Rveruqh
49 Eurzq dqg o @ 7/ p @ 53 43 Ã&� 4:6/554 4;/883 <167 ;<15<(

Ghqqlv
4: Rveruqh 4 o @ 8/ p @ 66 43 Ã&� 6</875 5:/68< 4178 631;5(

4; Eljjv H[S 9 o @ 9/ p @ 46 43 Ãu� :</5<8 6:/<<6 513< 8513;(

4< Rveruqh 5 o @ 44/ p @ 98 43 Ãu� 435/;43 4:/994 81;5 ;51;5(
53 Zdwvrq o @ 9/ p @ 64 43 Ãu� 6:/:64 6;/78< 31<; 041<6(
54 H{whqghg o @ 7/ p @ 7 43 Ã&� 5<5 4/6:5 314< 0756199(

Urvhqeurfn
55 H{whqghg Srzhoo o @ 7/ p @ 7 43 Ã&� 59:5 59:7 31<< 0313;(

vlqjxodu



8; 71 Rq vshhglqj xs wkh joredo rswlpl}dwlrq dojrulwkp

Wdeoh 7144 +Frqwg1,
V1Qr Whvw ixqfwlrq Glphqvlrq % � Edvlf Sursrvhg Udwlr Shufhqw

dojrulwkp dojrulwkp uhgxfwlrq
56 Shqdow| L o @ 7/ p @ 8 43 Ã&� A4;:/557 4;7/;:9 - -
57 Shqdow| LL o @ 7/ p @ ; 43 Ã&� A4<5/;;7 5;5/693 - -
58 Yduldeo| glp1 o @ 5/ p @7 43 Ã&� 75 :7 318: 0:914<(
59 Wuljrqrphwulf o @ 7/ p @7 43 Ã&� ;;5 ;;5 4133 3133(
5: Eurzq doprvw o @ 7/ p @7 43 Ã&� 599/945 458/695 5146 851<;(

olqhdu
5; Glvfuhwh erxqgdu| o @ 5/ p @5 43 Ã&� 479 459 4149 4619<(

ydoxh
5< Glvfuhwh lqwhjudo ht1 o @ 7/ p @7 43 Ã&� 465 567 3189 0::163(
63 Eur|ghq wulgldjrqdo o @ 7/ p @7 43 Ã&� :<7 5/869 3164 054<16<(
64 Eur|ghq eudqghg o @ 7/ p @7 43 Ã&� 6<9 ;47 317< 0438189(
65 Olqhdu ixoo udqn o @ 7/ p @7 43 Ã&� 4/5;3 6/:45 3167 04<3133(
66 Olqhdu udqn04 o @ 6/ p @7 43 Ãu� 467/;;; 67/363 61<9 :71::(
67 Olqhdu udqn04 zlwk o @ 5/ p @7 43 Ã&� 4<9/8:3 458/695 4189 69156(

}hur froxpq dqg urzv
68 Fkhe|txdg o @ 5/ p @5 43 Ã&� A586/;:3 95/<;; - -
69 VKFE= Vl{ kxps fdpho o @ 5/ p @4 43 Ã&� 4/779 4/6:; 4138 71:4(
6: WKFE= Wkuhh kxps fdpho o @ 5/ p @4 43 Ã&� ;;9 ;43 413< ;18;(
6; EU= Eudqlq o @ 5/ p @4 43 Ã&� 455 4;7 3199 0831;5(
6< O6= Ohy| o @ 5/ p @4 43 Ã&� 4/763 5/9<9 3186 0;;186(
73 O8= Ohy| o @ 5/ p @4 43 Ã&� 68; 4/843 3157 06541:<(
74 O;= Ohy| o @ 6/ p @4 43 Ã&� 95 573 3159 05;:134(
75 O4;= Ohy| o @ :/ p @4 43 Ã&� 4;7 977 315< 0583(
76 Vfkz518= Errwk o @ 5/ p @4 43 Ã&� 483 539 31:6 06:166(
77 Vfkz514;= Pdw|dv o @ 5/ p @4 43 Ã&� A69333 4/659 - -
78 Vfkz614= Vfkzhiho o @ 6/ p @4 43 Ã&� :; 5<9 3159 05:<17<(
79 Vfkz614s= Vfkzhiho o @ 6/ p @4 43 Ã&� ;</439 ;</643 31<< 0564(
7: Vfkz615= Vfkzhiho o @ 6/ p @4 43 Ã&� 557 777 318 0<;154(
7; Julhz8= Julhzdqn o @ 8/ p @4 43 Ã&� A449733 8/4;5 - -
7< JS= Jrogvwhlq dqg o @ 5/ p @4 43 Ã&� ;;/353 ;9/95; 4135 418;(

sulfh
83 U7= Udw} o @ 5/ p @4 43 Ã&� 4/5<7 4/8:7 31;5 054197(



718 Frqfoxvlrqv 8<

WDEOH 71451 Iorsv iru edvlf dqg sursrvhg dojrulwkpv zlwk whuplqdwlrq fulwhulrq E1

V1Qr Whvw ixqfwlrq Glphqvlrq % � Edvlf Sursrvhg Udwlr Shufhqw
dojrulwkp dojrulwkp uhgxfwlrq

4 Urvhqeurfn o @ 5/ p @ 5 43 Ã&� 49/35: 86/69: 316 05651<;(
5 Iuhxghqvwhlq o @5/ p @5 43 Ã&� 783/39; 67;/<53 415; 05517:(

dqg Urwk
6 Srzhoo edgo| o @ 5/ p @ 5 43 Ã&� A ;186�43 Á 686/4;</;6< - -

vfdohg
7 Eurzq edgo| o @ 5/ p @ 6 43 Ã&� A76:/;43/<:; 44/:58/::9 - -

vfdohg
8 Ehdoh o @ 5/ p @ 6 43 Ã&� 4;4/7<9 463/3<8 416< 5;165(
9 Mhqulfk dqg o @ 5/ p @ 43 43 Ã&� 6/:87/:;9 6/9:8/7;8 4135 514(

Vdpsvrq
: Kholfdo ydooh| o @ 6/ p @ 6 43 Ã&� 446/583 447/335 31<< 03199(
; Edug o @ 6/ p @ 48 43 Ã&� 4=46� 43 �oº 444/783/977 43415: <<134(
< Jdxvvldq o @ 6/ p @ 48 43 Ã&� 5/<89/<63 ;/<96/:<5 3166 0536148(
43 Ph|hu o @ 6/ p @ 49 43 Ãu� A 4=44� 43 �oº 478/<33/4<; - -
44 Jxoi uhvhdufk o @ 6/ p @ 6 43 Ã&� A <=;:� 43 Á 856/89:/;5; - -
45 Er{ wkuhh o @ 6/ p @ 6 43 Ã&� 9:/698/995 75/859/3;: 418; 691;:(

glphqvlrqdo
46 Srzhoo o @ 7/ p @ 7 43 Ã&� 5/7:3/3:; 4/889/3<3 418; 6:133(

vlqjxodu
47 Zrrg o @ 7/ p @ 9 43 Ã&� 49</78: :59/9:: 3156 065;1;6(
48 Nrzdoln dqg o @ 7/ p @ 44 43 Ã&� A4134�43 Á :93/<<9/36; - -

Rveruqh
49 Eurzq dqg o @ 9/ p @ 53 43 Ã&� 8;/4;7/35: 85/<36/4:6 413< <13:(

Ghqqlv
4: Rveruqh 4 o @ 8/ p @ 66 43 Ã&� 5<</755/9;8 5:</;<4/38< 413: 91;4(
4; Eljjv H[S 9 o @ 9/ p @ 46 43 Ãu� 7;8/96:/<4< 55;> 374> 85< 5146 86137(
4< Rveruqh 5 o @ 44/ p @ 98 43 Ãu� 718;�43 Á 413<�43 Á 714: :9135(
53 Zdwvrq o @ 9/ p @ 64 43 Ãu� 5:4/874/357 5<;/<4;/596 31<4 04313;(
54 H{whqghg o @ 7/ p @ 7 43 Ã&� :4/355 66:/5<7 3154 06:71<4(

Urvhqeurfn
55 H{whqghg Srzhoo o @ 7/ p @ 7 43 Ã&� <:9/9:: :94/975 415; 55135(

vlqjxodu



93 71 Rq vshhglqj xs wkh joredo rswlpl}dwlrq dojrulwkp

Wdeoh 7145 +Frqwg1,
V1Qr Whvw ixqfwlrq Glphqvlrq % � Edvlf Sursrvhg Udwlr Shufhqw

dojrulwkp dojrulwkp uhgxfwlrq
56 Shqdow| L o @ 7/ p @ ; 43 Ã&� A4135�43 Á 965/459/6<< - -
57 Shqdow| LL o @ 7/ p @ ; 43 Ã&� A<195�43 Á 784/69</44: - -
58 Yduldeo| glp1 o @ 5/ p @7 43 Ã&� ;/5:6 47/6:3 318; 0:619<(
59 Wuljrqrphwulf o @ 7/ p @7 43 Ã&� 6/795/734 6/6;4/<88 4135 5165(
5: Eurzq doprvw o @ 7/ p @7 43 Ã&� 5178�43 Á 79/4<3/;<9 86137 <;144(

olqhdu
5; Glvfuhwh erxqgdu| o @ 5/ p @5 43 Ã&� 63/;4; 56/747 4165 57135(

ydoxh
5< Glvfuhwh lqwhjudo ht1 o @ 7/ p @7 43 Ã&� 474/347 54:/787 3198 087154(
63 Eur|ghq wulgldjrqdo o @ 7/ p @7 43 Ã&� 67;/4:< ;9;/959 3173 047<17:(
64 Eur|ghq eudqghg o @ 7/ p @7 43 Ã&� 564/577 765/939 3186 0;:13:(
65 Olqhdu ixoo udqn o @ 7/ p @7 43 Ã&� 96</;8< 4/453/9<9 318: 0:8148(
66 Olqhdu udqn04 o @ 6/ p @7 43 Ãu� :1<9�43 Á 9/777/7<; 4568165 <<1<5(
67 Olqhdu udqn04 zlwk o @ 5/ p @7 43 Ã&� 915�43 Á 7</534/8;6 45913; <<154(

}hur froxpq dqg urzv
68 Fkhe|txdg o @ 5/ p @5 43 Ã&� A:199�43 Á 5164�43 Á - -
69 VKFE= Vl{ kxps fdpho o @ 5/ p @4 43 Ã&� 793/5:; 55</9<5 5 8314(
6: WKFE= Wkuhh kxps fdpho o @ 5/ p @4 43 Ã&� 4;:/774 439/443 41:: 7616<(
6; EU= Eudqlq o @ 5/ p @4 43 Ã&� 79/556 96/<53 31:5 06;15<(
6< O6= Ohy| o @ 5/ p @4 43 Ã&� 6/58;/767 8/;<:/;93 3188 0;4133(
73 O8= Ohy| o @ 5/ p @4 43 Ã&� :84/8;6 6/5:8/7<9 3156 06681;4(
74 O;= Ohy| o @ 6/ p @4 43 Ã&� 536/;38 4/3:;/479 314< 075<134(
75 O4;= Ohy| o @ :/ p @4 43 Ã&� 759/:76 4/7<8/7;; 315< 0583137(
76 Vfkz518= Errwk o @ 5/ p @4 43 Ã&� 49/58< 4;/95: 31;: 047189(
77 Vfkz514;= Pdw|dv o @ 5/ p @4 43 Ã&� A ;3/8;9 - -
78 Vfkz614= Vfkzhiho o @ 6/ p @4 43 Ã&� 48/93: 86/384 315< 056<1<5(
79 Vfkz614s= Vfkzhiho o @ 6/ p @4 43 Ã&� 6196�43 Á 716;�43 ª ;51:8 <;1:<(
7: Vfkz615= Vfkzhiho o @ 6/ p @4 43 Ã&� 68/766 88/7:: 3197 08918:(
7; Julhz8= Julhzdqn o @ 8/ p @4 43 Ã&� A;187�43 Á 49/7;8/:4; - -
7< JS= Jrogvwhlq dqg o @ 5/ p @4 43 Ã&� 81<5�43 Ç :168�43 ª ;13: ;:194(

sulfh
83 U7= Udw} o @ 5/ p @4 43 Ã&� ::3/643 ;33/393 31<9 061;9(



718 Frqfoxvlrqv 94

WDEOH 71461 Frpsxwdwlrqdo wlph iru edvlf dqg sursrvhg dojrulwkpv zlwk whuplqdwlrq fulwhulrq E1

V1Qr Whvw ixqfwlrq Glphqvlrq % � Edvlf Sursrvhg Udwlr Shufhqw
dojrulwkp dojrulwkp uhgxfwlrq

4 Urvhqeurfn o @ 5/ p @ 5 43 Ã&� 4148 3178 5188 931;:(
5 Iuhxghqvwhlq o @5/ p @5 43 Ã&� 4;1<3 31; 56196 <8157(

dqg Urwk
6 Srzhoo edgo| o @ 5/ p @ 5 43 Ã&� A 69/333 47:137 - -

vfdohg
7 Eurzq edgo| o @ 5/ p @ 6 43 Ã&� A716;�43 Ç 44/:58/::9 - -

vfdohg
8 Ehdoh o @ 5/ p @ 6 43 Ã&� :18 318: 46149 <5173(

9 Mhqulfk dqg o @ 5/ p @ 43 43 Ã&� 461<3 415 4418; <416:(
Vdpsvrq

: Kholfdo ydooh| o @ 6/ p @ 6 43 Ã&� 71< 414 7178 ::188(
; Edug o @ 6/ p @ 48 43 Ã&� 68/<;6 6:18; <8:183 <<1;<(
< Jdxvvldq o @ 6/ p @ 48 43 Ã&� ;155 518 615; 9<18<(
43 Ph|hu o @ 6/ p @ 49 43 Ãu� A693333 7;155 - -
44 Jxoi uhvhdufk o @ 6/ p @ 6 43 Ã&� A69/333 4:3=9 - -
45 Er{ wkuhh o @ 6/ p @ 6 43 Ã&� 69331;4 44169 6491<: <<19;(

glphqvlrqdo
46 Srzhoo o @ 7/ p @ 7 43 Ã&� :815 41<3 6<18; <:17:(

vlqjxodu
47 Zrrg o @ 7/ p @ 9 43 Ã&� 9143 5133 6138 9:154(
48 Nrzdoln dqg o @ 7/ p @ 44 43 Ã&� A693333 63:166 - -

Rveruqh
49 Eurzq dqg o @ 9/ p @ 53 43 Ã&� 5641<4 46153 4:18: <7164(

Ghqqlv
4: Rveruqh 4 o @ 8/ p @ 66 43 Ã&� 6;9183 ::14< 8133 ;3136(
4; Eljjv H[S 9 o @ 9/ p @ 46 43 Ãu� 44<:1<3 971:7 4;183 <7193(
4< Rveruqh 5 o @ 44/ p @ 98 43 Ãu� 67<3 655193 431;5 <31:9(
53 Zdwvrq o @ 9/ p @ 64 43 Ãu� 97;18 4391;5 913: ;6186(
54 H{whqghg o @ 7/ p @ 7 43 Ã&� 51< 416 5156 8814:(

Urvhqeurfn
55 H{whqghg Srzhoo o @ 7/ p @ 7 43 Ã&� 66193 4183 55173 <8187(

vlqjxodu



95 71 Rq vshhglqj xs wkh joredo rswlpl}dwlrq dojrulwkp

Wdeoh 7146 +Frqwg1,
V1Qr Whvw ixqfwlrq Glphqvlrq % � Edvlf Sursrvhg Udwlr Shufhqw

dojrulwkp dojrulwkp uhgxfwlrq
56 Shqdow| L o @ 7/ p @ 8 43 Ã&� A693333 68186 - -
57 Shqdow| LL o @ 7/ p @ ; 43 Ã&� A693333 4891:9 - -
58 Yduldeo| glp1 o @ 5/ p @7 43 Ã&� 3176 3174 413; 7198(
59 Wuljrqrphwulf o @ 7/ p @7 43 Ã&� 85143 8143 43155 <3154(
5: Eurzq doprvw o @ 7/ p @7 43 Ã&� 43/437 4;183 879149 <<1;5(

olqhdu
5; Glvfuhwh erxqgdu| o @ 5/ p @5 43 Ã&� 418; 3174 61;8 :7138(

ydoxh
5< Glvfuhwh lqwhjudo ht1 o @ 7/ p @7 43 Ã&� 719 519 41:: 7617;(
63 Eur|ghq wulgldjrqdo o @ 7/ p @7 43 Ã&� 431: 4193 919< ;8138(
64 Eur|ghq eudqghg o @ 7/ p @7 43 Ã&� :163 41;3 7138 :8167(
65 Olqhdu ixoo udqn o @ 7/ p @7 43 Ã&� 49143 4173 44183 <4163(
66 Olqhdu udqn04 o @ 6/ p @7 43 Ãu� 5194�43 � 51<< ;:5<143 <<1<<(
67 Olqhdu udqn04 zlwk o @ 5/ p @7 43 Ã&� 518<�43 � 5;18; <3<16; <<1;<

}hur froxpq dqg urzv
68 Fkhe|txdg o @ 5/ p @5 43 Ã&� A693333 5164�43 Á - -
69 VKFE= Vl{ kxps fdpho o @ 5/ p @4 43 Ã&� 49164 31;; 4;186 <7193(
6: WKFE= Wkuhh kxps fdpho o @ 5/ p @4 43 Ã&� <144 318< 48177 <6185(
6; EU= Eudqlq o @ 5/ p @4 43 Ã&� 417; 3198 515: 8913;(
6< O6= Ohy| o @ 5/ p @4 43 Ã&� 94185 8156 441:9 <418(
73 O8= Ohy| o @ 5/ p @4 43 Ã&� 471: 7174 6166 :3133(
74 O;= Ohy| o @ 6/ p @4 43 Ã&� 5149 5199 31;45 056148(
75 O4;= Ohy| o @ :/ p @4 43 Ã&� ;19 <174 31<4 0<175(
76 Vfkz518= Errwk o @ 5/ p @4 43 Ã&� 4155 3174 51<; 9916<(
77 Vfkz514;= Pdw|dv o @ 5/ p @4 43 Ã&� A693333 317< - -
78 Vfkz614= Vfkzhiho o @ 6/ p @4 43 Ã&� 31< 31<7 31<9 07177(
79 Vfkz614s= Vfkzhiho o @ 6/ p @4 43 Ã&� 4176�43 � 4;136 :<7134 <<1;:(
7: Vfkz615= Vfkzhiho o @ 6/ p @4 43 Ã&� 5155 319; 6159 9<16:(
7; Julhz8= Julhzdqn o @ 8/ p @4 43 Ã&� A693333 4:175 - -
7< JS= Jrogvwhlq dqg o @ 5/ p @4 43 Ã&� 61<4�43 Å 5/39; 41;< 7:144(

sulfh
83 U7= Udw} o @ 5/ p @4 43 Ã&� 4:1<; 415: 47149 <51<7(



718 Frqfoxvlrqv 96

WDEOH 71471 Pd{plpxp olvw ohqjwk iru edvlf dqg sursrvhg dojrulwkpv zlwk whuplqdwlrq fulwhulrq E1

V1Qr Whvw ixqfwlrq Glphqvlrq % � Edvlf Sursrvhg Udwlr Shufhqw
dojrulwkp dojrulwkp uhgxfwlrq

4 Urvhqeurfn o @ 5/ p @ 5 43 Ã&� 44 49 319< 078178(
5 Iuhxghqvwhlq o @5/ p @5 43 Ã&� :8 99 4147 45(

dqg Urwk
6 Srzhoo edgo| o @ 5/ p @ 5 43 Ã&� A 78/34; 94;/89; - -

vfdohg
7 Eurzq edgo| o @ 5/ p @ 6 43 Ã&� A49 49/6;8 - -

vfdohg
8 Ehdoh o @ 5/ p @ 6 43 Ã&� 5: 56 414: 471;4(
9 Mhqulfk dqg o @ 5/ p @ 43 43 Ã&� :3 79 4185 6715<(

Vdpsvrq
: Kholfdo ydooh| o @ 6/ p @ 6 43 Ã&� 45 43 415 4919:(
; Edug o @ 6/ p @ 48 43 Ã&� 45/:47 8:;4 514< 87186(
< Jdxvvldq o @ 6/ p @ 48 43 Ã&� 87 :5 31:8 066166(
43 Ph|hu o @ 6/ p @ 49 43 Ãu� A7945 <:78 - -
44 Jxoi uhvhdufk o @ 6/ p @ 6 43 Ã&� A8</;58 77/;:8 - -
45 Er{ wkuhh o @ 6/ p @ 6 43 Ã&� 7344 5;;4 416< 5;14:(

glphqvlrqdo
46 Srzhoo o @ 7/ p @ 7 43 Ã&� :5 :5 4133 3133(

vlqjxodu
47 Zrrg o @ 7/ p @ 9 43 Ã&� 55 84 3176 04641;5(
48 Nrzdoln dqg o @ 7/ p @ 44 43 Ã&� A6:/466 8:/393 - -

Rveruqh
49 Eurzq dqg o @7/ p @ 53 43 Ã&� 655 53: 4189 681:4(

Ghqqlv
4: Rveruqh 4 o @ 8/ p @ 66 43 Ã&� 4/3;5 <69 414: 4617<(

4; Eljjv H[S 9 o @ 9/ p @ 46 43 Ãu� 58;8 49<; 4185 67164(
4< Rveruqh 5 o @ 44/ p @ 98 43 Ãu� 5/676 877 7164 :91:;(
53 Zdwvrq o @ 9/ p @ 64 43 Ãu� 4/738 4/3<< 415; 541:;(
54 H{whqghg o @ 7/ p @ 7 43 Ã&� 44 55 318 0433(

Urvhqeurfn
55 H{whqghg Srzhoo o @ 7/ p @ 7 43 Ã&� 66 65 4136 6136(

vlqjxodu



97 71 Rq vshhglqj xs wkh joredo rswlpl}dwlrq dojrulwkp

Wdeoh 7147 +Frqwg1,
V1Qr Whvw ixqfwlrq Glphqvlrq % � Edvlf Sursrvhg Udwlr Shufhqw

dojrulwkp dojrulwkp uhgxfwlrq
56 Shqdow| L o @ 7/ p @ 8 43 Ã&� A77/:75 5:/398 - -
57 Shqdow| LL o @ 7/ p @ ; 43 Ã&� A73/:38 59/<4< - -
58 Yduldeo| glp1 o @ 5/ p @7 43 Ã&� 5 5 3133 3133(
59 Wuljrqrphwulf o @ 7/ p @7 43 Ã&� 64 5: 4148 451<(
5: Eurzq doprvw o @ 7/ p @7 43 Ã&� 8/<95 6/454 41<4 7:198(

olqhdu
5; Glvfuhwh erxqgdu| o @ 5/ p @5 43 Ã&� < 9 4183 66166(

ydoxh
5< Glvfuhwh lqwhjudo ht1 o @ 7/ p @7 43 Ã&� ; 44 31:6 06:183(
63 Eur|ghq wulgldjrqdo o @ 7/ p @7 43 Ã&� ;8 43: 31:< 0581;;(
64 Eur|ghq eudqghg o @ 7/ p @7 43 Ã&� 89 68 419 6:18(
65 Olqhdu ixoo udqn o @ 7/ p @7 43 Ã&� 436 8< 41:8 751:5(
66 Olqhdu udqn04 o @ 6/ p @7 43 Ãu� 76/83: 8/6;5 ;13; ;:196(
67 Olqhdu udqn04 zlwk o @ 5/ p @7 43 Ã&� 76/9<3 87/946 31; 058133(

}hur froxpq dqg urzv
68 Fkhe|txdg o @ 5/ p @5 43 Ã&� A6:/6:7 8/5;6 - -
69 VKFE= Vl{ kxps fdpho o @ 5/ p @4 43 Ã&� 465 ;; 418 66166(
6: WKFE= Wkuhh kxps fdpho o @ 5/ p @4 43 Ã&� 87 75 415< 55155(
6; EU= Eudqlq o @ 5/ p @4 43 Ã&� : : 4133 3133(
6< O6= Ohy| o @ 5/ p @4 43 Ã&� 48; 58< 3194 0961<5(
73 O8= Ohy| o @ 5/ p @4 43 Ã&� 69 49< 3154 069<177(
74 O;= Ohy| o @ 6/ p @4 43 Ã&� ; 59 3164 0558(
75 O4;= Ohy| o @ :/ p @4 43 Ã&� : 4; 316< 048:147(
76 Vfkz518= Errwk o @ 5/ p @4 43 Ã&� 9 : 31;9 04919:(
77 Vfkz514;= Pdw|dv o @ 5/ p @4 43 Ã&� A 5; - -
78 Vfkz614= Vfkzhiho o @ 6/ p @4 43 Ã&� 6 : 3176 0466166(
79 Vfkz614s= Vfkzhiho o @ 6/ p @4 43 Ã&� 73/;6: 73/;6: 4 3133(
7: Vfkz615= Vfkzhiho o @ 6/ p @4 43 Ã&� 45 45 4133 3133(
7; Julhz8= Julhzdqn o @ 8/ p @4 43 Ã&� A84/<43 65 - -
7< JS= Jrogvwhlq dqg o @ 5/ p @4 43 Ã&� 8/8;3 ;/434 319< 07814;(

sulfh
83 U7= Udw} o @ 5/ p @4 43 Ã&� <5 :9 4154 4:16<(
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WDEOH 71481 Grpdlqv dqg frpsxwhg joredo plqlpxpv dqg plqlpl}huv zlwk whuplqdwlrq fulwhulrq D1

V1Qr Whvw ixqfwlrq Grpdlq Joredo plqlpxp Joredo plqlpl}hu
4 Urvhqeurfn ^0418/418` � 313333 ^31<<<:/ 413335` Æ
5 Iuhxghqvwhlq ^0:18/:18` � 313333 ^71<<;:/ 71<<;<`

dqg Urwk ^61<<<</ 713334`
6 Srzhoo edgo| ^04/4`/^3/43` 313333 ^313333/ 313334`

vfdohg ^<14385/ <14386`
7 Eurzq edgo| ^43 Ã&Â /43 Â `>^04/4` 313333 ^<1<<<</ 43`�43 È

vfdohg ^313333/ 313334`�43 ÃuÈ
8 Ehdoh ^0718/718` � 313333 ^61338;/ 6133;4`/

^31833</ 318365`
9 Mhqulfk dqg ^317/0317` � 45716954111 ^3158:;/ 3158:<` Æ

Vdpsvrq
: Kholfdo ydooh| ^31334/418`/^0418/0418` � 313333 ^31<<<6/ 413334`/ ^313333/ 313337`

^313333/ 31333;`
; Edug ^0518/518`>^3134/518` Æ 3133;4111 ^313;53/ 313;56`/

^4145<4/ 4145<8`
^51679</ 5167:5`

< Jdxvvldq ^0418/418` À 313333 ^316<;7/ 317347`/ ^31<<93/ 413353`
^31333/ 31338<`

43 Ph|hu ^819>8195`�43 Ã&� > ;:1<747111 ^313333/ 313334`�43 Å /
^94;416/94;4168` ^914;46/ 914;47`�43 Å
^583/683` ^316785/ 316786`�43 Å

44 Jxoi uhvhdufk ^314/8`/^3/8` � 3133331111 ^41<6:8/ 513474`/ ^518333/ 5186<4`/
^318953/ 414<87`

45 Er{ wkuhh ^053/53`/^4/53` � 313333 ^31;<;7/ 31<367`/ ^4316848/ 4316896`
glphqvlrqdo ^4136:4/ 41374;`

46 Srzhoo ^06/6` � 313333 ^313333/ 31333;`
vlqjxodu ^313333/ 313348` À

47 Zrrg ^06/6` � 313333 ^31<<<:/ 413335` �
48 Nrzdoln dqg ^0314/315` � 315:55111�43 ÉqÅ ^314<54/ 31<633`/ ^314;9:/ 314;:9`

Rveruqh ^3144<8/ 314537`/ ^314668/ 314677`
49 Eurzq dqg ^058/58` � ;18;55111�43 Ä ^04418<78/ 04418<77`/

Ghqqlv ^4615369/ 461536:`/
^0317368/ 0317367`/ ^31569:/ 31569;`



99 71 Rq vshhglqj xs wkh joredo rswlpl}dwlrq dojrulwkp

Wdeoh 7148 +Frqwg1,
V1Qr Whvw ixqfwlrq Grpdlq Joredo plqlpxp Joredo plqlpl}hu
4: Rveruqh 4 ^318/418`/^4/418`/ 3194;;111 ^413333/ 413646`/ ^431333/ 4313646`

^04/418`/ ^413333/ 413646`/ ^813333/ 813646`
^3138/418` � ^3143766/ 314377`

4; Eljjv H[S 9 ^4/418`/ 313333 ^413333/ 413646`/ ^431333/ 4313646`
^43/4318`/ ^413333/ 413646`/ ^813333/ 813646`
^4/418`^8/818`/ ^713333/ 713646`/
^7/718`/^6/618` ^613333/ 613646`

4< Rveruqh 5 Jlyhq dw wkh hqg 41738<111 Jlyhq dw wkh hqg
ri wkh wdeoh ri wkh wdeoh

53 Zdwvrq ^3/317` Â 516;97111 ^313333/ 313333`/
54 H{whqghg ^0415/415` � 313333 ^317333/ 317334` � >

Urvhqeurfn ^31<<<</ 413335` �
55 H{whqghg Srzhoo ^06/6` � 313333 ^313333/ 31333;` � /

vlqjxodu ^313333/ 313348` �
56 Shqdow| L ^�7/7` � 313555111�43 Ã�À ^3157<</ 315873` À >^3157<</ 3158:<`
57 Shqdow| LL ^0318/318` � 3133<6111�43 Ã�À ^314<<5/ 315335`/ ^314<86/ 314<:6`

^317<35/ 317<55`/ ^317<93/ 317<;4`
58 Yduldeo| glp1 ^0418/418` � 313333 ^31<<<3/ 413353` �
59 Wuljrqrphwulf ^03158/3158` � 313333 ^313333/ 313373` �
5: Eurzq doprvw ^0518/518` � 313333 ^41333</ 413355`/ ^31<<93/ 31<<:7` �

olqhdu ^41338;/ 4133:4`
5; Glvfuhwh erxqg1 ^0318/318` � 313333 ^03145<3/ 031459<`/ ^0314935/ 0314895`

ydoxh
5< Glvfuhwh ^04/4` � 313333 ^0314349/ 0313<:9`/ ^03147;8/ 0314778`

lqwhjudo ht1 ^0314:7</ 03149:<`/ ^031465</ 031457<`
63 Eur|ghq ^04/4` � 313333 ^031887:/ 0318874`/ ^03196<:/ 03196<4`

wulgldjrqdo ^0318<4;/ 0318<3;`/ ^0317494/ 0317483`
64 Eur|ghq eudqghg ^04/4` � 313333 ^03175;;/ 03175;5`/ ^0317:99/ 0317:88`

^0318539/ 03184<8` �
65 Olqhdu ixoo udqn ^04/4` � 313333 ^0413333/ 031<<;3` �
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Wdeoh 7148 +Frqwg1,
66 Olqhdu udqn04 ^3134/4` À 317569111 ^3157<:/ 315836`/ ^3134;:/ 3134<5`

^31379:/ 3137:6`
67 Olqhdu udqn04 ^04/4` � 514<<<111 ^313333/ 313334`/

zlwk }hur ^314<<</ 315334`
froxpq dqg urzv

68 Fkhe|txdg ^05/5` � 313333 ^0318:;5/ 0318:75`/ ^318:;4/ 318;54`
69 VKFE= Vl{ ^05/5` � 041346:111 ^313;<;/ 313;<;`/

kxps fdpho ^031:45:/ 031:459`
6: WKFE= Wkuhh ^06/6` � 3145;;111�43 ÉxÄ ^313333/ 313348`/

kxps fdpho ^313333/ 313348`
6; EU= Eudqlq ^08/43`/^3/48` 316<:;111 ^0614754/ 06146<9`/

^4515:86/ 4515::<`
6< O6= Ohy| ^043/43` � 04:91874<111 ^71<:97/ 71<:98`/ ^71;8;3/ 71;8;4`
73 O8= Ohy| ^043/43` � 04:9146::111 ^041639</ 041639;`/

^041757</041757;`
74 O;= Ohy| ^043/43` À 313333 ^31<<93/ 41338<`/

^31<<93/ 41348:` �
75 O4;= Ohy| ^043/43` ª 313333 ^31<<<:/ 413343`/

^31<<;8/ 413343` Â
76 Vfkz518= Errwk ^08/8` � 313333 ^516648/ 516673`/ ^316653/ 3166:3`
77 Vfkz514;= Pdw|dv ^063/63` � 03153<6111�43É Ä ^31354</ 31356<` �
78 Vfkz614= Vfkzhiho ^043/43` À 313333 ^31<<;8/ 413343` À
79 Vfkz614s= Vfkzhiho ^043/43` À 313333 ^41333</ 413349` À
7: Vfkz615= Vfkzhiho ^041;</41;<` À 313333 ^31<<99/ 31<<;9`/

^31<<99/ 413337` �
7; Julhz8= Julhzdqn ^0933/933` ¿ 313333 ^313333/ 3133<5` ¿
7< JS= Jrogvwhlq dqg ^05/5` � 51<<<<111 ^313333/ 313334`/ ^0413334/ 0413333`

sulfh
83 U7= Udw} ^06/6` � 03143:3111 ^0313335/ 313333`/ ^04178:9/ 04178:7`
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Qrwh= wkh lqlwldo grpdlq iru whvw ixqfwlrq qxpehu 4</ Rveruqh 5/ lv ^415/417`/ ^319/31:8`/
^319/31:8`/ ^31:/31:8`/ ^318/3194`/ ^51</614`/ ^71</814`/ ^91</:14`/ ^41</514`/ ^717/719`/ ^817/819` dqg wkh plql0
pl}hu lv ^414<<</ 414333`/ ^318<<</ 319333`/ ^31:4:4/ 31:4:;`/ ^31:7<</ 31:834`/ ^318745/ 31874:`/ ^614333/
614334`/ ^71<333/ 71<333`/ ^91<333/ 91<333`/ ^514333/ 514333`/ ^718598/ 7185:3`/ ^818:4;/818:5:`



Wklv lv sdjh 9<
Sulqwhu= Rsdtxh w

8
Dq lpsuryhg dojrulwkp iru vhw lqyhuvlrq

814 Lqwurgxfwlrq
Ohw i @ +i � > = = = > i N , eh d qrqolqhdu ixqfwlrq iurp ? M wr ? N 1 Ohw \ eh d vxevhw ri ? N 1 Wkhq/
wkh sureohp ri vhw lqyhuvlrq fdq eh srvhg dv wkh fkdudfwhul}dwlrq ri

V @
q
{ 5 ? M = i+{, 5 \r @ i Ã � +\, +814,

Lq wklv zrun/ zh dgguhvv wkh sureohp ri fkdudfwhul}lqj V gh�qhg e| d vhw ri qrqolqhdu lq0
htxdolwlhv V @

q
{ 5 ? M = i+{, A 3

r
@ i Ã � +`3>4^ N , +815,

Vxfk sureohpv dulvh/ iru lqvwdqfh/ lq urexvw vwdelolw| dqdo|vlv ri ihhgedfn frqwuro v|vwhpv ^4`1
Mdxolq hw do1 ^64` sursrvhg dq dojrulwkp iru vroylqj wkh deryh sureohp yld lqwhuydo dqdo|vlv1
Wkh dojrulwkp kdv dovr ehhq vxffhvvixoo| whvwhg lq dssolfdwlrqv/ vxfk dv fkdudfwhul}dwlrq ri
urexvw vwdelolw| grpdlqv/ sdudphwhu dqg vwdwh hvwlpdwlrq/ dqg urerwlfv1
Lq wklv zrun/ zh sursrvh vrph lpsuryhphqwv wr wkh dojrulwkp ri Mdxolq hw do1 iru fkdu0

dfwhul}dwlrq ri V yld vhw lqyhuvlrq1 Zh vkdoo dvvxph wkdw i lv frqwlqxrxvo| gl�huhqwldeoh rq
[1 Wkh sursrvhg lpsuryhphqwv duh edvhg rq h{sorlwlqj wkh surshuw| ri prqrwrqlflw| lq wzr
zd|v=

� Wkh srzhuixo prqrwrqlflw| whvw irup lv xvhg dv dq lqfoxvlrq ixqfwlrq iru i / dqg
� Li i � > m @ 4> = = = >p lv irxqg wr eh prqrwrqlfdoo| lqfuhdvlqj uhvs1 ghfuhdvlqj lq hyhu|
frpsrqhqw gluhfwlrq rq d jlyhq er{/ wkhq wkh sduw ri er{ zkhuh wkh lqhtxdolw| i� A 3
lv fhuwdlqo| lqihdvleoh lv irxqg dqg glvfdughg1

Ixuwkhu/ rqo| rqh er{ lv surfhvvhg lq hdfk lwhudwlrq ri wkh dojrulwkp ri Mdxolq hw do1 Vxfk
surfhvvlqj lv lqkhuhqwo| vorz/ gxh wr lwv vhtxhqwldo qdwxuh1 Rq wkh rwkhu kdqg/ lq wkh sursrvhg
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dojrulwkp/ doo er{hv suhvhqw lq wkh olvw dw hdfk lwhudwlrq duh surfhvvhg frqfxuuhqwo| xvlqj
yhfwrul}dwlrq1 Fohduo|/ yhfwrul}dwlrq grhv qrw dowhu lq dq| zd| wkh hvvhqfh ri wkh dojrulwkp1 Lw
krzhyhu khosv wr uhgxfh wkh surfhvvlqj ryhukhdgv dqg ohdgv wr ehwwhu phpru| pdqdjhphqw
lq wkh surfhvvru1
Zh whvw wkhq whvw dqg frpsduh wkh shuirupdqfhv ri wkh sursrvhg dqg h{lvwlqj dojrulwkpv

rq wzr urexvw vwdelolw| sureohpv/ lqfoxglqj d fdvh vwxg| ri vshhg frqwuro ri d mhw hqjlqh1

815 Edvlf dojrulwkp
Ohw [ º 5 L �? M � eh wkh lqlwldo ihdvleoh er{1 Wkh dojrulwkp ri Mdxolq hw do1 ^64`/ ^:<` hqforvhv
wkh sruwlrq ri V frqwdlqhg lq [ º > ehwzhhq wzr sduwlwlrqv N P R dqg N Ê�Ë ¼ lq wkh vhqvh wkdw

N P R � [ º _V � N Ê�Ë ¼ +816,
zkhuh/ N ÊoË ¼ @ N Ì WN P R dqg N Ì lv d olvw ri doo lqghwhuplqdwh er{hv1
Wkh dojrulwkp ri Mdxolq hw do1 lv dv iroorzv1
Lqsxwv= Wkh lqlwldo er{ [ º / qdwxudo lqfoxvlrq ixqfwlrq I / dqg dq dffxudf| sdudphwhu % � 1
Rxwsxwv= D olvw N P R ri doo er{hv jxdudqwhhg wr ehorqj wr V/ dqg d olvw N ÊoË ¼ @ N Ì ^N P R 1
EHJLQ Dojrulwkp
41 Lqlwldol}h [ @ [ º >N P R @ ij >N ÊoË ¼ @ ij > O @ i[j1
51 Uhpryh wkh �uvw er{ [ iurp olvw O dqg hydoxdwh I +[,1
61 Li lqi I +[, A 3 iru doo l @ 4> = = = >p wkhq ghsrvlw [ lq olvwv N P R dqg N ÊoË ¼ / dqg jr wr

vwhs :1
71 Li vxsI P +[, ?@ 3 iru dq| l @ 4> = = = >p wkhq jr wr vwhs :1
81 Li z+[, ? % � wkhq ghsrvlw [ lq olvw N ÊoË ¼ dqg jr wr vwhs :1
91 Elvhfw [ lq pd{lpxp zlgwk frruglqdwh gluhfwlrq n> jhwwlqj er{hv Y � >Y � vxfk wkdw

[ @ Y � VY � 1 Ghsrvlw wkhvh vxeer{hv lq O1
:1 Li wkh olvw O lv hpsw|/ H[LW dojrulwkp1 Hovh jr wr vwhs 51
HQG Dojrulwkp

816 Sursrvhg Dojrulwkp
81614 Wkurzlqj sduwv ri er{ +WSE,
Ohw [ � [ º 1 Ohw i eh d vlqjoh0ydoxhg ixqfwlrq/ lq wklv vxevhfwlrq1 Vxssrvh wkdw i lv irxqg
wr eh prqrwrqlfdoo| lqfuhdvlqj lq hyhu| frpsrqhqw gluhfwlrq rq [1 Wkhq/ Dojrulwkp WSE



816 Sursrvhg Dojrulwkp :4

jlyhq ehorz orfdwhv wkh vxeer{ F � [ rq zklfk wkh lqhtxdolw| i A 3 lv fhuwdlqo| lqihdvleoh/
dqg rxwsxwv d olvw O � ri er{hv zkrvh xqlrq lv wkh frpsohphqw ri F lq [1
Dojrulwkp WSE +i>[> O � ,
Lqsxwv= Wkh ixqfwlrq i dqg er{ [1 Lw lv dvvxphg wkdw i lv prqrwrqlfdoo| lqfuhdvlqj lq

hyhu| frpsrqhqw gluhfwlrq rq [1
Rxwsxwv= D olvw O� vxfk wkdw V ÍÏÎnÐJÑ Z @ [qF1

41 Fkhfn iru wkh wulyldo fdvhv=

+d, Li i +[ � > = = = >[ M , A 3 wkhq wkh lqhtxdolw| i A 3 lv fhuwdlqo| ihdvleoh rq hqwluh [1
Vhw O � # i[j dqg UHWXUQ1

+e, Li i �[ � > = = = >[ M
� � 3 wkhq wkh lqhtxdolw| i A 3 lv fhuwdlqo| lqihdvleoh rq hqwluh [1

Vhw O � # ij dqg UHWXUQ1

51 Sdudphwul}h wkh olqh mrlqlqj srlqwv +[ � > = = = >[ M , dqg
�[ � > = = = >[ M

� lq whupv ri d vlqjoh
sdudphwhu �=

��[ � . +4� �,[ � > = = = > �[ M . +4� �,[ M
� > � 5 ^3> 4`

61 Xvlqj d qrqolqhdu vroyhu vxfk dv Qhzwrq 0 Udskvrq/ �qg Ò � Ó 5 ^3> 4` vxfk wkdw i +� Ó , @
3=

71 Frqvwuxfw d vxeer{ F � [ rq zklfk wkh lqhtxdolw| i A 3 lv fhuwdlqo| lqihdvleoh=

F @ ��[ � > � Ó [ � . +4� � Ó ,[ � � > = = = > �[ M > � Ó [ M . +4� � Ó ,[ M
��

81 Xvlqj wkh er{ frpsohphqwdwlrq dojrulwkp lq ^67`/ �qg wkh frpsohphqw ri er{ F lq [
wr jhw d olvw O� vxfk wkdw ^ ÍÏÎnÐ Ñ Z @ [qF
HQG Dojrulwkp1

Rq vlplodu olqhv/ wkh deryh dojrulwkp fdq eh jlyhq iru wkh fdvh zkhuh i lv prqrwrqlfdoo| gh0
fuhdvlqj lq doo frpsrqhqw gluhfwlrqv rq[1 Wkh er{hv lq olvw O� duh vhqw iru ixuwkhu surfhvvlqj
wr wkh pdlq dojrulwkp1
Ô�Õ/Ö ×8Ø�Ù«ÚtÖ Û(Ü6Ý$×gÝ�Þ�Ý�×8Ö Ø�ß$à à áfÖ ×8Ø�â:Ù�ß�Û�Ö ×8ãäÝ$×æåèç/áfé�á*ê	Ý�Þ�é8Ù�Û�Ö Û�ë§ß$×8ìtÛ�Ö ×8Ø�ÙYÞ�é8ÙYÞ�â�Ö í*Ö ß$àJØ�ß�Û:Ù�Ûié8ß�í�Ù;ç®Ù�Ù�×tì8Ù�ß�à Þiî�Ö Þ,étß�Þïß$×Ù�ß�â:à Ö Ù�â&Û:Þ�Ù�ênë®ð	ñ(×8Ù�Ø�Ù�Û:Û�ß$â�Ö à á³Ù<ò8Ö Û:Þ�Û�ß$×8ì«Ö Û&ó8×8Ö ô/ó8Ù²Ý$×³Þ,é8Ù²à Ö ×8Ù$õ
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81615 Wkh dojrulwkp
Wkh sursrvhg dojrulwkp xvhv wkh prqrwrqlflw| whvw irup I öø÷ lqvwhdg ri wkh qdwxudo lqfoxvlrq
ixqfwlrq I 1 Ixuwkhu/ dv h{sodlqhg hduolhu/ doo er{hv wkdw duh suhvhqw lq wkh olvw duh surfhvvhg
frqfxuuhqwo| dw hdfk lwhudwlrq xvlqj yhfwrul}dwlrq1 Wklv fdq eh grqh zlwkrxw dowhulqj lq dq|
zd| wkh hvvhqfh ri wkh vhw lqyhuvlrq dojrulwkp1
Zh qh{w suhvhqw wkh sursrvhg dojrulwkp1
Sursrvhg dojrulwkp
Lqsxwv= Wkh lqlwldo er{ [ ù / prqrwrqlflw| whvw irup I öú÷ / dqg dq dffxudf| sdudphwhu % � 1
Rxwsxwv= D olvw N P R ri doo er{hv jxdudqwhhg wr ehorqj wr V/ dqg d olvw N ÊoË ¼ @ N Ì ^ N P R

hqforvlqj V1
EHJLQ Dojrulwkp
41 Lqlwldol}h [ @ [ ù >N P R @ ij >N ÊoË ¼ @ ij > O @ i[j1
51 Uhpryh doo er{hv iurp olvw O dqg hydoxdwh I öú÷ ryhu doo wkh er{hv1
61 Ghsrvlw doo er{hv iru zklfk lqi I +[, A 3 iru doo l @ 4> = = = >p lq wkh olvwv N P R dqg N ÊoË ¼ 1
71 Glvfdug doo wkrvh uhpdlqlqj er{hv iru zklfk vxsI P +[, ?@ 3 iru dq| l @ 4> = = = >p1
81 Ghsrvlw doo wkrvh uhpdlqlqj er{hv iru zklfk z+[, ? % � lq olvw N ÊoË ¼ 1
91 Ilqg doo wkrvh er{hv iru zklfk i P lv prqrwrqlfdoo| lqfuhdvlqj uhvs1 ghfuhdvlqj lq hyhu|

gluhfwlrq/ l @ 4> = = = >p1 Dsso| Dojrulwkp WSE wr glvfdug lqihdvleoh sduwv ri wkhvh er{hv1
:1 Elvhfw doo er{hv lq wkh pd{lpxp zlgwk frruglqdwh gluhfwlrq n/ jhwwlqj vxeer{hv Y û >Y ü

vxfk wkdw [ @ Y û VY ü 1 Ghsrvlw doo wkhvh vxeer{hv lq O1
;1 Li wkh olvw O lv hpsw|/ H[LW dojrulwkp1 Hovh/ jr wr vwhs 51
HQG Dojrulwkp

Uhpdun 814 Lq wkh deryh dojrulwkp/ ixqfwlrq hydoxdwlrqv/ }hur h{foxvlrq fkhfnv/ zlgwk fkhfnv/
dqg elvhfwlrqv rq doo er{hv lq dq lwhudwlrq duh shuiruphg xvlqj yhfwrul}hg lqwhuydo dulwkphwlf
rshudwlrqv1

817 Whvw h{dpsoh= Sro|qrpldo vwdelolw|
Frqvlghu wkh sro|qrpldo ^:<`

s +v> {, @ v ý . vlq+{ û { ü ,v ü . { ü û v. { û { ü +817,
Zh zlvk wr �qg wkh vhw ri +{ û > { ü , ydoxhv iru zklfk wkh sro|qrpldo lq +817, lv Kxuzlw} vwdeoh
^;`1 Qhfhvvdu| dqg vx!flhqw frqglwlrqv iru wkh Kxuzlw} vwdelolw| ri wkh sro|qrpldo fdq eh
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rewdlqhg/ iru lqvwdqfh/ e| hqiruflqj srvlwlylw| lq wkh �uvw froxpq ri wkh Urxwk wdeoh ^;`1 Wklv
jlyh wkh vhw ri lqhtxdolwlhv

i û +{ û > { ü , @ { û { ü A 3
i ü +{ û > { ü , @ vlq+{ û { ü , A 3
i ý +{ û > { ü , @ { ü û vlq+{ û { ü ,� { û { ü A 3

+818,

Zh vroyh wkh lqhtxdolwlhv xvlqj wkh h{lvwlqj dqg sursrvhg vhw lqyhuvlrq dojrulwkpv ri lqwhuydo
dqdo|vlv/ zlwk wkh lqlwldo er{ dv [ ù @ +^�43> 43`> ^�43> 43`,1 Zh fduu| rxw wkh frpsxwdwlrqv
rq d Vxq 773 PK} Xowud Vsduf 43 pdfklqh/ zlwk 4 JE UDP xvlqj Iruwh IRUWUDQ <8
^:6`1 Wr frpsduh wkh shuirupdqfhv ri wkh sursrvhg dqg h{lvwlqj vhw lqyhuvlrq dojrulwkpv/ zh
fkrrvh wkh dffxudf| % � @ 43 þ ý / dqg xvh wkh iroorzlqj dv shuirupdqfh phwulfv=

� Frpsxwdwlrqdo wlph wdnhq e| wkh dojrulwkp1

� Qxpehu ri er{hv lq olvw N Ì iru zklfk v|vwhp vwdelolw| lv lqghwhuplqdwh1

� Pd{lpxp ohqjwk ri olvw O lq wkh dojrulwkp1

Wdeoh 814 uhsruwv wkh ydoxhv ri wkh ydulrxv shuirupdqfh phwulfv1 Dowkrxjk wkh sursrvhg
dojrulwkp lv irxqg wr eh vrphzkdw vorzhu wkdq wkh h{lvwlqj dojrulwkp/ lw uhtxluhv ohvv vsdfh
frpsoh{lw| lq whupv ri d vpdoohu olvw ohqjwk dqg surgxfhv d ohvvhu qxpehu ri lqghwhuplqdwh
er{hv1
Ilj1 814 vkrzv wkh }rrphg sorw ri wkh grpdlq ri jxdudqwhhg vwdelolw| jhqhudwhg zlwk wkh

dojrulwkpv1 Iurp wklv sorw/ zh vhh wkdw wkh sursrvhg dojrulwkp jlyhv d odujhu uhjlrq iru zklfk
wkh v|vwhp vwdelolw| lv jxdudqwhhg1 Vlploduo|/ Ilj1 815 vkrzv wkh }rrphg sorw ri wkh grpdlq
ri lqghwhuplqdwh vwdelolw| jhqhudwhg zlwk wkh dojrulwkpv1 Iurp wkhvh sorwv/ zh �qg wkdw wkh
sursrvhg dojrulwkp jlyhv d vpdoohu uhjlrq iru zklfk wkh v|vwhp vwdelolw| lv lqghwhuplqdwh1
Wkxv/ wkh sursrvhg dojrulwkp hqforvhv wkh grpdlq V ri urexvw vwdelolw| pruh dffxudwho|1

818 Fdvh vwxg|= Vshhg frqwuro ri mhw hqjlqh
81814 Yhuwh{0w|sh surfhgxuh
Doo uhdo zruog v|vwhpv duh vxemhfw wr ydulrxv glvwxuedqfhv dqg xqfhuwdlqwlhv1 Wkhvh xqfhu0
wdlqwlhv fdq eh uhsuhvhqwhg dv yduldwlrqv lq frh!flhqwv ri wudqvihu ixqfwlrqv lq wkh Odsodfh
grpdlq/ wr irup dq lqwhuydo sodqw idplo|1
Frqvlghu d vwulfwo| surshu lqwhuydo sodqw idplo| S ri wkh irup

s+v> t> u, @ qÿ +v> t,
gÿ +v> u, @ t ù . t û v. ===. t M v Mu ù . u û v. ===. v � >n A o +819,
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zkhuh lqwhuydo erxqgv duh d sulrul jlyhq iru hdfk xqfhuwdlq frh!flhqw t P dqg u P = Ohw
f+v> d> e, @ q � +v> d,

g � +v> e, @ d ù . d û v. ===. d N v Ne ù . e û v. ===. v R >q A p +81:,
eh d frpshqvdwru lq d ihhgedfn vwuxfwxuh iru wkh lqwhuydo sodqw1 Li f+v> d> e, lv vxfk wkdw lw
vwdelol}hv wkh hqwluh S> wkhq f+v> d> e, lv vdlg wr urexvwo| vwdelol}h S=
Iru lqwhuydo sodqwv ri irup +819,/ Qdwdudm dqg Vulydvwdyd ^8<` sursrvhg d cyhuwh{ 0 w|sh*

dssurdfk wr �qg wkh vhw ri doo sdudphwhu ydoxhv ri d urexvwo| vwdelol}lqj frpshqvdwru zlwk
vshfl�hg vwuxfwxuh1 E| d yhuwh{0w|sh dssurdfk/ zh phdq wkh iroorzlqj1 Iurp wkh lqwhuydo
sodqw S/ d vpdoo vhw ri vshfldo sro|qrpldov lv ghulyhg1 Wklv vpdoo vhw kdv wkh glvwlqjxlvklqj
surshuw| wkdw li d frpshqvdwru f+v> d> e, lv irxqg vxfk wkdw doo frqvwlwxhqw sro|qrpldov duh
vwdelol}hg/ wkhq wkh vdph f+v> d> e, zrxog urexvwo| vwdelol}h wkh ruljlqdo lqwhuydo sodqw S1
Wkh edvlv ri wkh yhuwh{0w|sh dssurdfk lv surylghg e| wkh Jhqhudol}hg Nkdulwrqry wkhruhp

ri Ekdwwdfkdu||d hw do1 ^;`/ zklfk vwdwhv wkdw wkh urexvw vwdelolw| ri wkh forvhg orrs v|vwhp
kdylqj dq lqwhuydo sodqw S lv htxlydohqw wr wkdw ri wkh vhw ri 65 dvvrfldwhg vr0fdoohg Jhqhudol}hg
Nkdulwrqry Vhjphqwv +JNV,1 Krzhyhu/ lq frqwudvw zlwk wkh dssurdfk ri Ekdwwdfkdu||d hw do1
zkhuh wkh hqwluh JNV lv frqvlghuhg/ khuh zh dgrsw d yhuwh{0w|sh dssurdfk/ zklfk lq jhqhudo
lv pruh frpsxwdwlrqdoo| wudfwdeoh1 Zkdw zh gr lv wr wdnh xs hdfk JNV lq wxuq/ dqg frqvwuxfw
yluwxdo yhuwlfhv zkrvh vwdelol}dwlrq e| frpshqvdwru f+v> d> e, lv vx!flhqw wr hqvxuh wkh vdph iru
wkh JNV1 Zh qh{w vhw xs Urxwk wdeohv iru doo wkh rewdlqhg yhuwh{ sro|qrpldov/ dqg wkhq ghulyh
lqhtxdolw| frqvwudlqwv lq whupv ri wkh frpshqvdwru sdudphwhuv/ vr dv wr hqirufh srvlwlylw| lq
wkh �uvw froxpq ri hdfk Urxwk wdeoh1 Ilqdoo|/ zh vroyh wkh wrwdo vhw ri lqhtxdolwlhv xvlqj wkh
vhw lqyhuvlrq yld lqwhuydo dqdo|vlv whfkqltxh/ wr jhw wkh vhw ri doo frpshqvdwru sdudphwhuv wkdw
urexvwo| vwdelol}h wkh vhw ri JNV1 E| wkh Jhqhudol}hg Nkdulwrqry wkhruhp/ wkh vdph vhw ri
frpshqvdwru sdudphwhuv zrxog dovr urexvwo| vwdelol}h wkh lqwhuydo sodqw S1
81815 Rewdlqlqj frpshqvdwru sdudphwhuv
Wkh frqwuro orjlf ri wkh prghuq gd| mhw hqjlqh lv frpsulvhg ri pdq| frqwuro orrsv/ hdfk ri
zklfk kdv d vshfl�f sxusrvh1 W|slfdo frqwuro orrsv lqfoxgh frpsuhvvru vshhg jryhuqru/ dq
dffhohudwlrq dqg d gh0dffhohudwlrq orrs/ dqg ydulrxv olplwlqj orrsv iru whpshudwxuh/ vshhg/
ixho  rz/ dqg udwh ri fkdqjh ri ixho  rz1 D eorfn gldjudp ri d w|slfdo frpsuhvvru vshhg
frqwuro orrs lv vkrzq lq Ilj1 8161 D frpsuhvvru vshhg ghpdqg vfkhgxoh hvwdeolvkhv wkh ghvluhg
frpsuhvvru vshhg dv d ixqfwlrq ri lqohw whpshudwxuh dqg wkurwwoh srvlwlrq1 Wkh frpsuhvvru
vshhg huuru lv ghwhuplqhg iurp wkh gl�huhqfh lq wkh ghvluhg dqg dfwxdo vshhgv1 Wkh ghvluhg
shuirupdqfh uhtxluhphqw lv wr rewdlq d idvw uhvsrqvh zlwkrxw dq| ryhuvkrrw1
Lq wkh suhvhqw zrun/ rxu dlp lv wr ghwhuplqh li d urexvwo| vwdelol}lqj frpshqvdwru ri d

ghvluhg vwuxfwxuh h{lvwv iru dq lqwhuydo sodqw prgho ri d mhw hqjlqh1 Li lw h{lvwv/ wkhq zh zlvk
wr fkdudfwhul}h wkh vhw ri vwdelol}lqj frpshqvdwru sdudphwhuv iru wkh jlyhq sodqw prgho1 Vhw
lqyhuvlrq yld lqwhuydo dqdo|vlv lv xvhg iru wklv sxusrvh1
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Frqvlghu wkh vlqjoh0 lqsxw dqg vlqjoh0rxwsxw wudqvihu ixqfwlrq prgho ri d mhw hqjlqh xq0
ghu ghyhorsphqw lq Lqgld/ zlwk wkh pdqlsxodwhg yduldeoh dv pdlq exuqhu ixho  rz dqg wkh
frqwuroohg yduldeoh dv frpsuhvvru vshhg=

s+v> �, @ qÿ +v,
gÿ +v> �, @ 7=6

� ý v ý . � ü v ü . � û v > � ý 5 ^3=337> 3=338`> � ü 5 ^3=7> 3=8`> � û @ 4 +81;,

Qrwh wkdw wkh deryh gh�qhv dq lqwhuydo sodqw prgho1 Qrz/ zh zlvk wr v|qwkhvl}h d ohdg 0 odj
frpshqvdwru ri wkh irup

f+v> d> e> f, @ q � +v,
g � +v, @ d+4 . ev,

4 . fv +81<,
Zh vhhn wkh vhw ri doo sdudphwhu ydoxhv ri wkh deryh frpshqvdwru wkdw urexvwo| vwdelol}h wkh
lqwhuydo sodqw lq +81;,1
Zh iroorz wkh yhuwh{0w|sh frqwuro ghvljq surfhgxuh rxwolqhg lq suhylrxv vxevhfwlrq1 Wkhuh

duh irxu JNV lq wklv fdvh=

7=6d +4 . ev, . +4 . fv, �+3=334�. 3=337, v ý . 3=8v ü . v�
7=6d +4 . ev, . +4 . fv, �+3=334�. 3=337, v ý . +3=4�. 3=7, v ü . v�
7=6d +4 . ev, . +4 . fv, �+�3=334�. 3=338, v ý . +3=4�. 3=7, v ü . v�
7=6d +4 . ev, . +4 . fv, �+�3=334�. 3=338, v ý . 3=7v ü . v�

Iru hdfk ri wkhvh JNV/ zh �qg wkh glvwlqjxlvklqj yhuwh{ sro|qrpldov ri wkh yhuwh{0w|sh
dssurdfk1 Iru h{dpsoh/ wkh 7 yhuwh{ sro|qrpldov fruuhvsrqglqj wr wkh �uvw JNV duh

3=337v � . +3=8f. 3=337, v ý . +3=8 . f, v ü . +4 . 7=6de, v. 7=6d
3=338v � . +3=8f. 3=338, v ý . +3=8 . f, v ü . +4 . 7=6de, v. 7=6d
3=337v � . +3=8f. 3=338, v ý . +3=8 . f, v ü . +4 . 7=6de, v. 7=6d
3=338v � . +3=8f. 3=337, v ý . +3=8 . f, v ü . +4 . 7=6de, v. 7=6d

Vlploduo|/ 7 yhuwh{ sro|qrpldov iru hdfk ri wkh rwkhu 6 JNV duh dovr ghwhuplqhg1 Wklv jlyhv
d wrwdo ri 49 yhuwh{ sro|qrpldov1 Qh{w/ Urxwk wdeohv duh frqvwuxfwhg iru doo wkhvh 49 yhuwh{
sro|qrpldov1 Hqirufhphqw ri wkh srvlwlylw| uhtxluhphqw iru wkh �uvw froxpq ri hdfk Urxwk
wdeoh ohdgv wr d wrwdo vhw ri ;3 qrqolqhdu lqhtxdolw| frqvwudlqwv lq wkh frpshqvdwru sdudphwhuv1
Dq dgglwlrqdo frqvwudlqw ri d @ 3=: lv hqirufhg iru wkh vwhdg| vwdwh shuirupdqfh uhtxluhphqw
ri wkh frqwuro v|vwhp1
Zh vroyh wkh lqhtxdolwlhv iru wkh frpshqvdwru sdudphwhu ydoxhv/ xvlqj wkh sursrvhg dqg

h{lvwlqj vhw lqyhuvlrq dojrulwkpv ri lqwhuydo dqdo|vlv1 Wkh lqlwldo er{ lv wdnhq dv d @ 3=:>
e 5 ^3=34> 4` > f 5 ^3=34> ;`1 Zh fduu| rxw wkh frpsxwdwlrqv rq d Vxq 773 PK} Xowud Vsduf
43 pdfklqh zlwk 4 JE UDP/ xvlqj Iruwh IRUWUDQ <8 frpslohu ^:6`1 Wr frpsduh wkh
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shuirupdqfhv ri wkh h{lvwlqj dqg sursrvhg vhw lqyhuvlrq dojrulwkpv/ zh fkrrvh wzr ydoxhv iru
wkh dffxudf| % � @ 43 þuü dqg 43 þ ý / dqg xvh wkh iroorzlqj dv shuirupdqfh phwulfv=

� Frpsxwdwlrqdo wlph wdnhq e| wkh dojrulwkp1
� Qxpehu ri er{hv lq olvw N Ì iru zklfk v|vwhp vwdelolw| lv lqghwhuplqdwh1
� Pd{lpxp ohqjwk ri olvw O uhtxluhg lq wkh dojrulwkp1

Wdeoh 815 uhsruwv wkh ydoxhv ri wkh ydulrxv shuirupdqfh phwulfv1 Dowkrxjk wkh sursrvhg
dojrulwkp lv irxqg wr eh vrphzkdw vorzhu wkdq wkh h{lvwlqj dojrulwkp/ lw uhtxluhv ohvv vsdfh
frpsoh{lw| lq whupv ri d vpdoohu olvw ohqjwk dqg surgxfhv d ohvvhu qxpehu ri lqghwhuplqdwh
er{hv1
Wkh odvw srlqw pdgh deryh lv frq�uphg iurp Ilj1 817 zklfk vkrzv d }rrphg sorw ri wkh

grpdlq ri jxdudqwhhg vwdelolw| jhqhudwhg zlwk wkh dojrulwkpv1 Iurp wklv sorw/ zh vhh wkdw
wkh sursrvhg dojrulwkp jlyhv d odujhu grpdlq ri frpshqvdwru sdudphwhu ydoxhv iru zklfk
wkh v|vwhp vwdelolw| lv jxdudqwhhg1 Vlploduo|/ Ilj1 818 vkrzv d }rrphg sorw ri wkh grpdlq
ri lqghwhuplqdwh vwdelolw| jhqhudwhg zlwk wkh dojrulwkpv1 Iurp wklv sorw/ zh �qg wkdw wkh
sursrvhg dojrulwkp jlyhv d vpdoohu uhjlrq ri frpshqvdwru sdudphwhu ydoxhv iru zklfk wkh
v|vwhp vwdelolw| lv lqghwhuplqdwh1 Wkxv/ wkh sursrvhg dojrulwkp hqforvhv wkh grpdlq V ri
urexvw vwdelolw| pruh dffxudwho|1
Dv dq lqwhuhvwlqj ixuwkhu frqwuro vwxg|/ zh duelwudulo| vhohfw rqh vhw ri frpshqvdwru sdud0

phwhu ydoxhv iurp wkh ihdvleoh uhjlrq lq Ilj1 817/ dv d @ 3=:> e @ 3=83:7> f @ 3=43951 Iru wkhvh
ydoxhv ri wkh frpshqvdwru sdudphwhuv/ doo urrwv ri wkh 49 yhuwh{ sro|qrpldov ghvfulehg hduolhu
duh irxqg wr olh lq wkh ohiw kdoi ri wkh frpsoh{ v�sodqh/ wkhuhe| frq�uplqj vwdelolw|1 Ilj1 819
vkrzv wkh forvhg orrs v|vwhp uhvsrqvhv wr d xqlw vwhs lq wkh frpsuhvvru vshhg frppdqg lqsxw
zlwk wklv frpshqvdwru1 Wkh uhvsrqvhv duh irxqg iru ydulrxv sodqw prghov iurp wkh lqwhuydo
sodqw idplo|1 Zh revhuyh wkdw qr ryhuvkrrw rffxuv lq wkh frpsuhvvru vshhg rxwsxw 0 wklv lv
dq lpsruwdqw shuirupdqfh uhtxluhphqw lq wkh mhw hqjlqh vshhg frqwuro orrs1 Zh dovr �qg wkh
vhwwolqj wlph ri wkh uhvsrqvhv wr eh txlwh jrrg/ ydu|lqj ehwzhhq 3=< dqg 4=5 vhfrqgv ryhu wkh
lqwhuydo sodqw1 Ryhudoo/ wkh ghvljqhg frqwuro v|vwhp lv irxqg wr shuirup txlwh vdwlvidfwrulo|1

819 Frqfoxvlrqv
Zh suhvhqwhg dq lpsuryhg lqwhuydo dqdo|vlv dojrulwkp iru fkdudfwhul}lqj wkh grpdlq ri d vhw
ri qrqolqhdu lqhtxdolwlhv1 Wkh lpsuryhphqwv zhuh edvhg rq wkh srzhuixo wrro ri prqrwrqlflw|1
Iru wzr urexvw vwdelolw| sureohpv/ lqfoxglqj d fdvh vwxg| ri frqwuro ri d mhw hqjlqh/ zh irxqg
wkdw wkh sursrvhg dojrulwkp hqforvhv wkh vwdelolw| grpdlq pruh dffxudwho|/ uhtxluhv vpdoohu
olvw ohqjwkv/ exw wdnhv pruh frpsxwdwlrqdo wlph1
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ILJXUH 8141 D }rrphg sorw ri wkh grpdlq ri jxdudqwhhg urexvw vwdelolw| iru wkh sro|qrpldo h{dpsoh1
Wkh ydoxhv duh rewdlqhg iurp wkh olvw N � � 1 Wkh vkdghg sduw lv wkh h{wud grpdlq jlyhq e| wkh sursrvhg
vhw lqyhuvlrq dojrulwkp1
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ILJXUH 8151 D }rrphg sorw ri wkh grpdlq ri lqghwhuplqdwh urexvw vwdelolw| iru wkh sro|qrpldo
h{dpsoh1 Wkh ydoxhv duh rewdlqhg iurp wkh er{hv lq N � 1 Wkh vkdghg sduw lv wkh h{wud uhjlrq jlyhq e|
wkh h{lvwlqj vhw lqyhuvlrq dojrulwkp ri Mdxolq hw do1
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ILJXUH 8161 Eorfn gldjudp ri frpsuhvvru vshhg frqwuro orrs ri mhw hqjlqh1
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ILJXUH 8171 ]rrphg sorw ri wkh grpdlq ri jxdudqwhhg urexvw vwdelolw| iru wkh vshhg frqwuro orrs ri
mhw hqjlqh1 Wkh ydoxhv duh rewdlqhg iurp wkh olvw N � � 1 Wkh vkdghg sduw lv wkh h{wud uhjlrq jlyhq e|
wkh sursrvhg vhw lqyhuvlrq dojrulwkp1 Khuh/ % � @ 43 � � dqg d @ 3=:1
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ILJXUH 8181 ]rrphg sorw ri wkh grpdlq ri lqghwhuplqdwh urexvw vwdelolw| iru wkh vshhg frqwuro orrs
ri mhw hqjlqh1 Wkh ydoxhv duh rewdlqhg iurp er{hv lq N � 1 Wkh vkdghg sduw lv wkh h{wud uhjlrq jlyhq e|
h{lvwlqj vhw lqyhuvlrq dojrulwkp ri Mdxolq hw do1 Khuh/ % � @ 43 � � dqg d @ 3=:1
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ILJXUH 8191 Uhvsrqvhv ri wkh frpsuhvvru vshhg frqwuro v|vwhp wr d xqlw vwhs lq wkh frpsuhvvru vshhg
frppdqg lqsxw1 Wkh frpshqvdwru sdudphwhu ydoxhv duh fkrvhq iurp wkh vroxwlrq vhw rewdlqhg zlwk
wkh sursrvhg vhw lqyhuvlrq dojrulwkp1 Wkh uhvsrqvhv duh jlyhq iru ydulrxv sodqwv lq wkh lqwhuydo sodqw
idplo|1
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WDEOH 8141 Shuirupdqfh frpsdulvrq ri vhw lqyhuvlrq dojrulwkpv iru fkdudfwhul}dwlrq ri wkh grpdlq
ri urexvw vwdelolw| iru d whvw sro|qrpldo1

Shuirupdqfh Dojrulwkp
phwulf H{lvwlqj ^64` Sursrvhg
wlph +v, ;3=8 <<=8
N 	 977> 935 759> ;:4
Pd{1 olvw ohqjwk 4> 376> 893 484> 8<3

WDEOH 8151 Shuirupdqfh frpsdulvrq ri vhw lqyhuvlrq dojrulwkpv iru wkh mhw hqjlqh frqwuro sureohp1

Shuirupdqfh Dojrulwkp
Dffxudf| phwulf H{lvwlqj ^64` Sursrvhg
% 
 @ 3=34 wlph +v, 4=9 <=;

N 	 4489 <6<
Pd{1 olvw ohqjwk 5397 4;87

% 
 @ 3=334 wlph +v, 46=4 ::=7
N 	 <5:< :837
Pd{1 olvw ohqjwk 49> 9:7 47> ;94
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D qhz uxoh iru elvhfwlrq gluhfwlrq vhohfwlrq

914 Lqwurgxfwlrq
D ixqgdphqwdo sureohp lq qxphulfdo dqdo|vlv lv wkdw ri frpsxwlqj wkh udqjh �i +[,1 Vlqfh lq
jhqhudo lw lv qrw srvvleoh wr frpsxwh wkh h{dfw udqjh �i +[,/ zh wkhuhiruh frqvlghu wkh sureohp
ri �qglqj dq lqwhuydo hqforvxuh ri �i +[, zlwk d ghvluhg ghjuhh ri dffxudf| %1 Lqwhuydo dqdo|vlv
^7`/ ^7<` surylghv vhyhudo whfkqltxhv wr vroyh wklv udqjh frpsxwdwlrq sureohp1 D uhfhqwo|
sursrvhg lqwhuydo dqdo|vlv edvhg dojrulwkp iru udqjh frpsxwdwlrqv/ vkrzq wr eh xvxdoo| pruh
h!flhqw wkdq rwkhu vlplodu dojrulwkpv/ lv dv iroorzv1
D Prgho dojrulwkp iru frpsxwlqj udqjh hqforvxuhv ^8;`1
Lqsxwv= Dq lqfoxvlrq ixqfwlrq I ri i / wkh lqlwldo er{[ � 5 L �? � �/ dqg wkh vshfl�hg dffxudf|

%1
Rxwsxw = Dq hqforvxuh ri wkh h{dfw udqjh �i �[ � � kdylqj wkh vshfl�hg dffxudf| %1
EHJLQ Dojrulwkp

41 Vhw [ @ [ � > lqlwldol}h wkh zrunlqj olvw O @ i[j dqg vroxwlrq olvw O 
�� � @ ij1
51 Uhpryh doo er{hv iurp olvw O1
61 Fkrrvh d frpsrqhqw gluhfwlrq n iru elvhfwlrq/ edvhg rq d uxoh iru elvhfwlrq gluhfwlrq

vhohfwlrq +vhh ehorz,1
71 Elvhfw doo er{hv lq frpsrqhqw gluhfwlrq n1
81 Hydoxdwh I ryhu doo wkh vxeer{hv rewdlqhg iurp deryh elvhfwlrq1
91 Ghsrvlw doo hydoxdwlrqv ri I zkrvh zlgwkv duh dw prvw % lq wkh vroxwlrq olvw O 
�� � / dqg

glvfdug wkh fruuhvsrqglqj vxeer{hv iurp ixuwkhu surfhvvlqj1
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:1 Ghsrvlw wkh uhpdlqlqj er{hv lq olvw O= Li O lv hpsw| jr wr wkh iroorzlqj vwhs/ hovh jr wr
vwhs 51

;1 Wdnh wkh xqlrq ri doo lqwhuydov suhvhqw lq wkh vroxwlrq olvw O 
�� � wr rewdlq wkh ghvluhg
udqjh hqforvxuh1

HQG Dojrulwkp1
Wkh vhohfwlrq ri wkh elvhfwlrq gluhfwlrq lq vwhs 6 kdv d vljql�fdqw h�hfw rq wkh h!flhqf|

ri wkh dojrulwkp/ erwk lq whupv ri wkh qxpehu ri vxeer{hv jhqhudwhg dqg wkh frpsxwdwlrqdo
wlph wdnhq1 Dprqj wkh zlgho| xvhg uxohv iru elvhfwlrq gluhfwlrq vhohfwlrq duh wkh cpd{lpxp
zlgwk* dqg cpd{lpxp vphdu* uxohv ghvfulehg ehorz1 Iru d pruh ghwdlohg h{srvlwlrq ri wkh
ydulrxv uxohv iru elvhfwlrq gluhfwlrq vhohfwlrq/ vhh/ iru lqvwdqfh/ Fvhqghv dqg Udw} ^48`1
Lq wklv fkdswhu/ zh sursrvh d qhz uxoh iru elvhfwlrq gluhfwlrq vhohfwlrq lq wkh prgho dojr0

ulwkp iru udqjh �qglqj1 Lq wkh sursrvhg uxoh/ dw hdfk lwhudwlrq ri wkh deryh dojrulwkp/ zh slfn
d er{ [ � udqgrpo| iurp wkh fxuuhqw olvw dqg dfwxdoo| �qg rxw zklfk lv wkh cehvw elvhfwlrq
gluhfwlrq* iru wkh udqgrp er{ [ � 1 Wkdw lv/ zh elvhfw [ � dorqj hdfk dqg hyhu| frpsrqhqw
gluhfwlrq dqg �qg rxw lq zklfk elvhfwlrq gluhfwlrq wkh pd{lpxp ixqfwlrq zlgwk ryhu erwk wkh
uhvxowlqj vxeer{hv lv wkh ohdvw1 Zh wkhq wdnh wklv cehvw elvhfwlrq gluhfwlrq* iru [ � dv dovr wkh
cehvw elvhfwlrq gluhfwlrq* iru doo rwkhu er{hv ri fxuuhqw olvw/ dqg elvhfw doo wkhvh er{hv lq wkh
vdlg gluhfwlrq1 Wkh sklorvrsk| ehklqg wkh sursrvhg uxoh lv wkdw �wkh ehvw elvhfwlrq gluhfwlrq
iru wkh udqgrp er{ ri fxuuhqw olvw lv +olnho|, wkh ehvw elvhfwlrq gluhfwlrq iru doo rwkhu er{hv
ri fxuuhqw olvw�1
Zh qh{w eulh | rxwolqh wkh h{lvwlqj elvhfwlrq gluhfwlrq vhohfwlrq uxohv xvhg iru shuirupdqfh

frpsdulvrq lq wklv vwxg|1

915 Elvhfwlrq Gluhfwlrq Vhohfwlrq Uxohv
D phulw ixqfwlrq iru elvhfwlrq gluhfwlrq vhohfwlrq lv ^48`

n =@ plq
�
mm m 5 4 +4, o dqg g+m, @

�
pd{����� g+l,

�
+914,

zkhuh g+l, lv ghwhuplqhg e| wkh jlyhq uxoh1 Wkh cplq * dsshduv lq wkh deryh UKV/ vr wkdw
li g+l, lv dfklhyhg dorqj vhyhudo frpsrqhqw gluhfwlrqv/ wkhq wkh vpdoohvw rqh lv wdnhq iru
elvhfwlrq1

91514 Uxoh D +Pd{lpxp zlgwk,
Wklv lv d ghulydwlyh iuhh uxoh dqg lv edvhg rq wkh lqwhuydo zlgwk/ zlwk

g+l, =@ z+[ � , +915,
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xvhg lq +914,1 Zlwk wklv uxoh/ elvhfwlrq lv grqh dorqj wkh frpsrqhqw gluhfwlrq ri pd{lpxp
lqwhuydo zlgwk1

91515 Uxoh E +Vfdohg pd{lpxp zlgwk,
Zh dovr kdyh vrph vfdohg yduldqwv ri deryh ghulydwlyh iuhh uxoh/ zlwk wkh iroorzlqj xvhg iru
g+l, lq +914,=
Uxoh E04= g+l, =@

+ z+[ � , li 3 5 [ �
z+[ � , @ k[ � l rwkhuzlvh

Uxoh E05= g+l, =@
+ z+[ � , li 3 5 [ �

z+[ � , @ p+[ � , rwkhuzlvh
Uxoh E06= g+l, =@

+ z+[ � , li 3 5 [ �
z+[ � , @ mp+[ � ,m rwkhuzlvh

Uxoh E04 lv jlyhq e| Fvhqghv dqg Udw} ^48`1 Zlwk wkhvh uxohv/ elvhfwlrq lv grqh dorqj wkh
frpsrqhqw gluhfwlrq ri pd{lpxp vfdohg lqwhuydo zlgwk1

91516 Uxoh F +Pd{lpxp vphdu,
Fvhqghv dqg Udw} ^48` vxjjhvw wkh iroorzlqj iru g+l, lq +914,=

g+l, =@ z �I �� +[,� +[ � �p+[ � ,, +916,
zkhuh/ I � +[, lv dq lqfoxvlrq ixqfwlrq ri wkh judglhqw ui +{,1 Wkh uxoh fruuhvsrqgv wr wkh
cpd{lpxp vphdu* uxoh ri Nhduirww lq ^67`1 Zkhq plqI �� +[, @ 3 ru pd{I �� +[, @ 3/ wkh uxoh
uhgxfhv wr wkh rqh vxjjhvwhg e| Zdovwhu ^59`1

916 D qhz uxoh iru elvhfwlrq gluhfwlrq vhohfwlrq
Zh sursrvh d qhz ghulydwlyh iuhh uxoh iru elvhfwlrq gluhfwlrq vhohfwlrq1 Dw hdfk lwhudwlrq
ri deryh prgho dojrulwkp/ zh slfn d er{ [ � udqgrpo| iurp dprqj wkrvh ri fxuuhqw olvw
lq vwhs 61 Zh wkhq elvhfw [ � dorqj wkh �uvw frpsrqhqw gluhfwlrq/ dqg �qg wkh pd{lpxp
zlgwk ri I ryhu wkh wzr uhvxowlqj vxeer{hv1 Zh qh{w elvhfw [ � dorqj wkh vhfrqg frpsrqhqw
gluhfwlrq/ dqg �qg wkh pd{lpxp zlgwk ri I ryhu wkh wzr uhvxowlqj vxeer{hv1 Zh wkhq uhshdw
wklv surfhvv iru doo wkh o frpsrqhqw gluhfwlrqv1 Ilqdoo|/ zh �qg wkh frpsrqhqw gluhfwlrq ri
elvhfwlrq fruuhvsrqglqj wr zklfk wkh rewdlqhg pd{lpxp zlgwk ri I lv wkh ohdvw/ dqg fkrrvh
wkdw gluhfwlrq dv wkh elvhfwlrq gluhfwlrq iru doo er{hv ri fxuuhqw olvw1 Zh fdq sxw wkh deryh
vwhsv lq wkh irup ri d surfhgxuh1

41 Udqgrpo| vhohfw d er{[ � iurp dprqj wkrvh ri fxuuhqw olvw lq vwhs 6 ri prgho dojrulwkp1
51 IRU l @ 4 wr o GR
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61 Elvhfw [ � dorqj frruglqdwh gluhfwlrq l wr jhw wzr vxeer{hv Y � dqg Y � vxfk wkdw
[ � @ Y � ^Y � 1

71 Hydoxdwh I �Y � � > I �Y � � =
81 Irup g+l, @ �pd{ �z �I �Y � �� > z �I �Y � ��� =
91 HQG IRU
:1 Xvh wkh deryh irxqg g+l, lq +914, wr rewdlq wkh frpsrqhqw gluhfwlrq n iru elvhfwlrq1

917 Dssolfdwlrq= whpsodwh jhqhudwlrq
Zh dsso| wkh deryh elvhfwlrq gluhfwlrq vhohfwlrq uxohv lq wkh frqwh{w ri urexvw frqwuro v|vwhp
ghvljq xvlqj Krurzlw}*v Txdqwlwdwlyh ihhgedfn wkhru| +TIW, dssurdfk ^5:`1 Frqvlghu d v|vwhp
uhsuhvhqwhg e| wkh wudqvihu ixqfwlrq j+v> �,> zkhuh � @ i� � > ===� � j lv d uhdo yhfwru ri wkh v|vwhp
sdudphwhuv dqg v lv wkh Odsodfh yduldeoh1 Wkh sdudphwhuv � � ydu| lqghshqghqwo| ryhu jlyhq
uhdo lqwhuydov � �� / vr wkdw zh kdyh d er{ � � @ �� � � > ===>� �� � ri v|vwhp sdudphwhuv1 Ghqrwh wkh
skdvh dqjoh ixqfwlrq i � dqg pdjqlwxgh ixqfwlrq i � ri j+v> �, e|

i � +�, =@ duj j +v @ m$> �, > i � +�, =@ mj+v @ m$> �,m
zkhuh m @ s�4/ dqg $ lv wkh iuhtxhqf| yduldeoh1 Gh�qh wkh dqjoh0pdjqlwxgh ixqfwlrq i dv

i +�, =@ +i � +�, > i � +�,,
Wkh vhw J =@ �i +�, > � 5 � � � gh�qhv d uhjlrq lq wkh dqjoh 0 pdjqlwxgh sodqh/ fdoohg dv wkh
whpsodwh ru ydoxh vhw ri j+v> �, dw wkh jlyhq iuhtxhqf| $= Zh zlvk wr jhqhudwh d froohfwlrq
ri dqjoh 0 pdjqlwxgh uhfwdqjohv fryhulqj whpsodwh J vxfk wkdw hdfk uhfwdqjoh kdv d zlgwk dw
prvw htxdo wr vrph suhvfulehg dffxudf| %1 Fohduo|/ wklv sureohp lv d pruh lqyroyhg yhuvlrq
ri wkh udqjh frpsxwdwlrq sureohp/ dqg lv nqrzq dv wkh whpsodwh jhqhudwlrq ru ydoxh vhw
frpsxwdwlrq sureohp lq urexvw frqwuro v|vwhp ghvljq/ vhh iru lqvwdqfh/ ^4`/ ^6`/ ^5:`1
Zh whvw dqg frpsduh wkh shuirupdqfh ri wkh ydulrxv elvhfwlrq gluhfwlrq vhohfwlrq uxohv

lq wkh whpsodwh jhqhudwlrq sureohp iru whq uhdo0zruog h{dpsohv wdnhq iurp wkh hqjlqhhulqj
olwhudwxuh1 Wkh h{dpsohv duh ghvfulehg lq Dsshqgl{ F1 Zh fkrrvh wkh xqlwv iru wkh pdjqlwxgh
dv ghflehov +gE,/ dqg iru skdvh dqjoh dv ghjuhhv1 Lq wkhvh xqlwv/ zh vshfli| wkh zlgwk ri hdfk
jhqhudwhg uhfwdqjoh dv % @ 4= Wkdw lv/ zh zlvk wr jhqhudwh wkh whpsodwh lq hdfk h{dpsoh wr
dq dffxudf| ri 4 ghj dqg 4 gE1
Iru doo rxu frpsxwdwlrqv/ zh xvh d vlqjoh surfhvvru SF Shqwlxp LLL 883 PK} pdfklqh zlwk

6;7 PE UDP/ dqg wkh lqwhuydo dulwkphwlf wrroer{ LQWODE ri Uxps ^9;`1 Iru frqyhqlhqfh/
zh khqfhiruwk uhihu wr wkh udqgrpo| slfnhg er{ [ � dv wkh udqgrp er{1
Wr frpsduh wkh shuirupdqfh ri wkh elvhfwlrq gluhfwlrq vhohfwlrq uxohv/ zh fkrrvh wkh iro0

orzlqj shuirupdqfh phwulfv=
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� Qxpehu ri vroxwlrq er{hv fryhulqj wkh whpsodwh/ dqg
� Frpsxwdwlrqdo wlph wdnhq +vhfrqgv, wr jhqhudwh wkh whpsodwh1
Wdeoh 914 uhsruwv wkh shuirupdqfh ydoxhv iru gl�huhqw �yh uxqv ri wkh dojrulwkp zlwk wkh

sursrvhg elvhfwlrq gluhfwlrq vhohfwlrq uxoh1 Zh revhuyh voljkw yduldwlrqv lq wkh shuirupdqfh
ydoxhv iurp uxq wr uxq 0 wklv lv gxh wr wkh cudqgrpqhvv* lqyroyhg lq slfnlqj wkh udqgrp er{1
Zh wkhuhiruh dovr jlyh wkh dyhudjh shuirupdqfh ydoxhv ryhu doo wkh �yh uxqv/ dqg xvh wkhvh
dyhudjh shuirupdqfh ydoxhv lq wkh iroorzlqj1
Zh qh{w surfhhg wr h{dplqh krz zhoo wkh sklorvrsk| xqghuo|lqj wkh sursrvhg uxoh krogv1

Wdeoh 915 vkrzv shuirupdqfh ri wkh sursrvhg elvhfwlrq gluhfwlrq vhohfwlrq uxoh iru d udqgrp
uxq1 Wkh �iwk froxpq ri wkh wdeoh jlyhv wkh qxpehu ri lwhudwlrqv � zkhuh pruh wkdq <3( ri
wkh er{hv ri wkh fxuuhqw olvw kdyh wkh vdph cehvw elvhfwlrq gluhfwlrq* +lq wkh vhqvh ri vhfwlrq
4, dv wkdw ri wkh udqgrp er{ � 1 Wkh odvw froxpq jlyhv wkh dyhudjh shufhqwdjh ri er{hv ryhu
doo wkh lwhudwlrqv wkdw kdyh wkh vdph cehvw elvhfwlrq gluhfwlrq* dv wkdw ri wkh udqgrp er{1 Rq
wkh dyhudjh/ pruh wkdq wkuhh0irxuwkv ri wkh er{hv lq d olvw duh irxqg wr kdyh wkh vdph cehvw
elvhfwlrq gluhfwlrq* dv wkdw ri wkh udqgrp er{/ d �qglqj zklfk/ e| dqg odujh/ mxvwl�hv wkh
sklorvrsk| ri elvhfwlrq gluhfwlrq vhohfwlrq dgrswhg lq wklv zrun1
Wdeohv � 916 dqg 917 jlyh wkh uhvxowv rewdlqhg zlwk gl�huhqw elvhfwlrq gluhfwlrq vhohfwlrq

uxohv1 Dv phqwlrqhg hduolhu/ wkh uhvxowv uhsruwhg iru wkh sursrvhg elvhfwlrq gluhfwlrq vhohfwlrq
uxoh duh wkh dyhudjhv ryhu �yh gl�huhqw uxqv1
Dw wkh rxwvhw/ zh qrwh wkdw zlwk wkh sursrvhg elvhfwlrq gluhfwlrq vhohfwlrq uxoh/ zh duh deoh

wr vroyh doo wkh h{dpsohv/ zkhuhdv zlwk elvhfwlrq gluhfwlrq vhohfwlrq uxohv D/ E04/ E05/ E06
dqg F zh duh deoh wr vroyh rqo| :3(> ;3(> ;3(> ;3(> dqg :3( ri wkh h{dpsohv/ uhvshfwlyho|1
Edvhg rq wkh gdwd lq wkh Wdeohv/ zh ixuwkhu frpsduh wkh shuirupdqfhv ri wkh uxohv xvlqj

gl�huhqw hydoxdwlrq phwkrgv= udqnlqj/ dyhudjlqj/ dqg shuirupdqfh sur�olqj1

91714 Udqnlqj
Wdeohv 918 dqg 919 jlyh wkh udqnv rewdlqhg e| wkh ydulrxv uxohv lq rxu whvwv1 Wkhvh wdeohv
vkrz wkdw wkh sursrvhg elvhfwlrq gluhfwlrq vhohfwlrq uxoh dwwdlqv

� 4 
�� udqn lq ;3( ri wkh h{dpsohv iru wkh qxpehu ri vroxwlrq er{hv phwulf/ dqg
� 4 
�� udqn lq <3( ri wkh h{dpsohv iru frpsxwdwlrqdo wlph phwulf1
Wkdw lv/ wkh sursrvhg elvhfwlrq gluhfwlrq vhohfwlrq uxoh lv wkh prvw h�hfwlyh iru erwk shu0

irupdqfh phwulfv lq prvw h{dpsohv1
��� �"!$#�%'&)(*#�+,%"-/.10 #2%"3 4*5 6)#�!7%8675 �"3:9<;=#>%"&�6)?1%"0 0 @*A15 B7#�&�67#�4*#�CD#�!�@*AE��+F5 3*#�C'#�!G@F&��'-$.H�"31#�3D6$415 !G#�&�6)5 �'3F67�I%"!G!75 CD#2%86$67(1#�B7#

J 314 5 31K'B�LMONQP � P<#�3'6)!�@R5 3R6)(1#S&��"0 ?1-/31B��"TVU<%"A10 #�B�5 31415 &�%86)#�BW67( %86W6)(1#SB7�'0 ?,6)5 �'3F&��'?10 4*31�86$AE#S�'A,67%"5 31#�4FA'@I6)(1#2%"0 K'�"!G5 6)(1-XT �"!W67( #
.1!7#�B7&�!75 AE#�4Y%"&�&�?1!G%'&�@'914 ?1#Z67�/#�+,&�#�B7B75 CD#[!G#�\,?15 !7#�-/#�3D6]�"T<-/#�-/�"!G@'L
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91715 Dyhudjlqj
Iru d jlyhq phwulf/ wkh shufhqwdjh uhgxfwlrq rewdlqhg zlwk wkh sursrvhg uxoh frpsduhg wr
wkh frqvlghuhg uxoh +vxfk dv Uxoh D/ E/ ru F, lv frpsxwhg dv

( uhgxfwlrq @ Shui1 phwulf zlwk frqvlghuhg uxoh � Shui1 phwulf zlwk sursrvhg uxoh
Shui1 phwulf zlwk frqvlghuhg uxoh � 433

Lq Wdeoh 91:/ zh jlyh wkh shufhqwdjh uhgxfwlrqv rewdlqhg zlwk wkh sursrvhg uxoh frpsduhg
wr h{lvwlqj uxohv iru erwk phwulfv1 Zh revhuyh wkh iroorzlqj

� Qxpehu ri vroxwlrq er{hv= Zlwk wkh sursrvhg uxoh/ wkh dyhudjh shufhqwdjh uhgxfwlrq
ryhu doo h{dpsohv frpsduhg wr Uxoh D lv 88(/ Uxoh E04 lv 97(/ Uxoh E05 lv 98(> Uxoh
E06 lv 98(/ dqg Uxoh F lv 75(=

� Frpsxwdwlrqdo wlph= Zlwk wkh sursrvhg uxoh/ wkh dyhudjh shufhqwdjh uhgxfwlrq ryhu doo
h{dpsohv frpsduhg wr Uxoh D lv 9:(/ Uxoh E04 lv :8(/ Uxoh E05 lv :8(> Uxoh E06 lv
:4(/ dqg Uxoh F lv :<(=

Wkdw lv/ iru erwk shuirupdqfh phwulfv/ zh rewdlq frqvlghudeoh shufhqwdjh uhgxfwlrqv zlwk
wkh sursrvhg elvhfwlrq gluhfwlrq vhohfwlrq uxoh ryhu h{lvwlqj elvhfwlrq gluhfwlrq vhohfwlrq uxohv1

91716 Shuirupdqfh sur�olqj
Zh sorw wkh shuirupdqfh sur�ohv iru erwk shuirupdqfh phwulfv lq Ilj1 9141 Zh pdnh wkh
iroorzlqj revhuydwlrqv edvhg rq wkhvh sorwv=

� Qxpehu ri vroxwlrq er{hv= Shuirupdqfh sur�oh sorwv vkrz wkdw wkh sursrvhg elvhfwlrq
gluhfwlrq vhohfwlrq uxoh lv deoh wr vroyh doo wkh h{dpsohv iru � @ 4= Wkh h{lvwlqj elvhfwlrq
gluhfwlrq vhohfwlrq uxohv duh deoh wr vroyh rqo| ;3( ri wkh h{dpsohv iru � ? 96=

� frpsxwdwlrqdo wlph= Shuirupdqfh sur�oh sorwv vkrz wkdw wkh sursrvhg elvhfwlrq gluhf0
wlrq vhohfwlrq uxoh wdnhv ohdvw wlph dqg vroyhv doo wkh h{dpsohv iru � @ 4= Wkh h{lvwlqj
elvhfwlrq gluhfwlrq vhohfwlrq uxohv duh deoh wr vroyh ;3( ri wkh h{dpsohv iru � ? 563=

918 Vxppdu|
Dw wkh rxwvhw/ zh qrwh wkdw zlwk wkh sursrvhg elvhfwlrq gluhfwlrq vhohfwlrq uxoh zh duh deoh
wr vroyh doo wkh h{dpsohv/ zkhuhdv zlwk qrqh ri wkh edvlf uxohv zh duh deoh wr vroyh doo wkh
h{dpsohv1 Rq wkh dyhudjh/ derxw 8;( uhgxfwlrq lq wkh qxpehu ri vroxwlrq er{hv dqg :6(
uhgxfwlrq lq frpsxwdwlrqdo wlph lv rewdlqhg zlwk wkh sursrvhg elvhfwlrq gluhfwlrq vhohfwlrq
uxoh ryhu h{lvwlqj uxohv1



918 Vxppdu| ;:

Lw lv d qrwhzruwk| hpslulfdo �qglqj wkdw pruh wkdq wkuhh0irxuwkv ri wkh er{hv suhvhqw dw dq|
jlyhq lwhudwlrq ri wkh dojrulwkp kdg wkh vdph cehvw elvhfwlrq gluhfwlrq* dv wkdw ri wkh udqgrp
er{1 Wklv hpslulfdo �qglqj ylqglfdwhv e| dqg odujh wkh sklorvrsk| ehklqg wkh sursrvhg uxoh
�wkh ehvw elvhfwlrq gluhfwlrq iru d udqgrpo| slfnhg er{ iurp d jlyhq olvw lv olnho| wkh ehvw
elvhfwlrq gluhfwlrq iru doo rwkhu er{hv ri wkh vdph olvw�1 Wkh sklorvrsk| dqg vdlg olvw duh ri
frxuvh frq�qhg wr wkh suhvhqw frqwh{w ri wkh prgho dojrulwkp iru udqjh �qglqj1 Lw krzhyhu
uhpdlqv wr eh h{soruhg krz jrrg wklv sklorvrsk| krogv lq rwkhu nlqgv ri dojrulwkpv/ vxfk dv
lqwhuydo Qhzwrq phwkrgv dqg lqwhuydo joredo rswlpl}dwlrq1
Lq frqfoxvlrq/ zh eholhyh wkdw wkh �qglqjv ri wkh suhvhqw zrun lqglfdwh wkdw lw pd| eh iuxlw0

ixo wr eulqj lq vrph dprxqw ri udqgrpl}dwlrq lqwr wkh erg| ri lqwhuydo dqdo|vlv dojrulwkpv1



;; 91 D qhz uxoh iru elvhfwlrq gluhfwlrq vhohfwlrq
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ILJXUH 9141 Shuirupdqfh sur�oh sorwv iru wkh qxpehu ri vroxwlrq er{hv dqg frpsxwdwlrqdo wlph
phwulfv1



918 Vxppdu| ;<

WDEOH 9141 Shuirupdqfh ri wkh sursrvhg elvhfwlrq uxoh ryhu gl�huhqw uxqv1

Vo1 Qr1 Dsso1 H{dpsoh o Vroxwlrqv Uxq 4 Uxq 5 Uxq 6 Uxq 7 Uxq 8 Dyhudjh
4 Dfwlyh Qrlvh 5 er{hv 5;> 569 5:> 885 5:> 83; 5:> 63< 59> 978 5:> 783

) Yleudwlrq wlph +v, 5=;9 5=:: 5=:7 5=:: 5=: 5=::
5 Vlpsoh srohv 6 er{hv 78< 78< 94: 94: 78< 855

wlph +v, 3=6: 3=69 3=6< 3=6< 3=6< 3=6;
6 QPS 6 er{hv 837 845 845 845 837 83<

wlph +v, 3=69 3=69 3=66 3=66 3=68 3=68
7 Qrq0udwlrqdo 6 er{hv 9:8< 9:5: :85: 9:5: 9:8< 9<33

wlph +v, 5=8< 5=7 5=85 5=6: 5=6; 5=78
8 Yhklfoh foxwfk 6 er{hv 5> 7<< 5> 835 5> 78; 5> 7<< 5> 876 5> 833

wlph +v, 4=37 4=35 4=35 3=<; 4 4
9 Hohfwur 0 8 er{hv ;7> 5:6 ;7> :73 ;<> 95; ;7> 63; ;7> 97< ;8> 553

phfkdqlfdo wlph +v, 44=;6 44=;< 45=97 44=;9 44=;; 45=35
: Phfkdqlfdo 8 er{hv 4999 488: 4668 463< 4;44 4869

wlph +v, 3=<8 3=;7 3=:< 3=:< 3=:9 3=;6
; Dlufudiw 8 er{hv 938 9;; 973 973 8:3 95<

wlph +v, 3=:7 3=:< 3=:; 3=:8 3=:4 4=48
< GF Prwru 9 er{hv 9569 9564 9569 9564 9569 9567

wlph +v, 4=4< 4=48 4=47 4=47 4=46 4=48
43 Lqy1 Shqgxoxp : er{hv 53; 4<7 4<7 4<7 4<7 4<:

wlph +v, 3=87 3=79 3=79 3=7: 3=7: 3=7;



<3 91 D qhz uxoh iru elvhfwlrq gluhfwlrq vhohfwlrq

WDEOH 9151 Frpsdulvrq ri wkh *ehvw elvhfwlrq gluhfwlrq* n iru wkh udqgrp er{ yhuvxv wkh dfwxdo *ehvw
elvhfwlrq gluhfwlrq* irxqg iru doo rwkhu er{hv lq olvw ryhu ydulrxv lwhudwlrqv1 � lq Froxpq 8 ghqrwhv wkh
qxpehu ri lwhudwlrqv zkhuh pruh wkdq <3 shufhqw ri er{hv kdyh wkh vdph *ehvw elvhfwlrq gluhfwlrq* dv
wkh udqgrp er{1

Dyhudjh ( ri
Dssolfdwlrq Qxpehu ri er{hv kdylqj vdph n

Vo1 Qr1 H{dpsoh o lwhudwlrqv � dv udqgrp er{
4 Dfwlyh Qrlvh 5 4; 7 :3(
5 Vlpsoh srohv 6 44 8 ;3(
6 QPS 6 < 9 ;;(
7 Qrq udwlrqdo 6 47 9 :8(
8 Yhklfoh foxwfk 6 49 ; :<(
9 Hohfwur 0 Phfk1 8 54 : :6(
: Phfkdqlfdo 8 48 9 :7(
; Dlufudiw 8 46 8 :7(
< GF Prwru 9 47 : :6(
43 Lqy1 Shqgxoxp : ; 9 ;<(

WDEOH 9161 Qxpehu ri vroxwlrq er{hv rewdlqhg zlwk gl�huhqw elvhfwlrq uxohv1
Vo1 Dssolfdwlrq Uxoh D Uxoh E04 Uxoh E05 Uxoh E06 Uxoh F Sursrvhg
Qr1 H{dpsoh o Uxoh
4 Dfwlyh Qrlvh 5 63> 556 5;3> 98: 5;3> 98: 5;3> 98: 5;> 4;4 5:783
5 Vlpsoh srohv 6 :> :45 854 854 854 95: 855
6 QPS 6 845 ;3; ;3; ;3; ;3; 83<
7 Qrq0udwlrqdo 6 9> :8< 46> 9:6 46> 9:6 46> 9:6 68> 737 9> <33
8 Yhklfoh foxwfk 6 63> 757 � � � 6;98 5833
9 Hohfwur 0 Phfk1 8 � 5<3> 8<7 5<3> 8<7 5<3> 8<7 � ;8> 553
: Phfkdqlfdo 8 4:> 653 4:> 43: 4:> 43: 4:> 43: � 4> 869
; Dlufudiw 8 73> 335 5> :85 7> 33: 7> 33: <99 95<
< GF Prwru 9 � 478> 635 536> 996 536> 996 6;> 7;3 9> 567
43 Lqy1 Shqgxoxp : � � � � � 4<:



918 Vxppdu| <4

WDEOH 9171 Frpsxwdwlrqdo wlph wdnhq zlwk gl�huhqw elvhfwlrq uxohv1

Vo1 Dssolfdwlrq Uxoh D Uxoh E04 Uxoh E05 Uxoh E06 Uxoh F Sursrvhg
Qr1 H{dpsoh o Uxoh
4 Dfwlyh Qrlvh 5 8=57 4<7=5; 8:=<6 87=87 43< 5=::
5 Vlpsoh srohv 6 6=5: 4=93 5=77 3=<4 4=;; 3=6;
6 QPS 6 4=66 4=8: 3=<5 3=;; 4=8< 3=68
7 Qrq udwlrqdo 6 6=45 44=5; 45=74 <=; 68=56 6=88
8 Yhklfoh foxwfk 6 9=3< � � � 7=3< 4
9 Hohfwur 0 Phfk1 8 � 458 465=47 48;=:8 � 45=35
: Phfkdqlfdo 8 43=;< 8=;8 7=88 7=8; � 3=;6
; Dlufudiw 8 43=:6 4=49 4=64 4=65 4=<5 4=48
< GF Prwru 9 � 5;5=75 58;=7: 564=99 4;=4; 4=48
43 Lqy1 Shqgxoxp : � � � � � 3=7;

WDEOH 9181 Udqnlqj ri uxohv edvhg rq wkh qxpehu ri vroxwlrq er{hv1

Vo1 Qr1 Uxohv Udqn 4 Udqn 5 Udqn 6 Udqn 7 Udqn 8 Udqn 9
4 Uxoh D 4 4 5 5 4 6
5 Uxoh E04 4 6 7 � � 5
6 Uxoh E05 4 6 5 5 � 5
7 Uxoh E06 4 6 5 5 � 5
8 Uxoh F � 6 6 4 � 6
9 Sursrvhg ; 5 � � � �

WDEOH 9191 Udqnlqj ri uxohv edvhg rq wkh frpsxwdwlrqdo wlph wdnhq1

Vo1 Qr1 Uxohv Udqn 4 Udqn 5 Udqn 6 Udqn 7 Udqn 8 Udqn 9
4 Uxoh D 4 4 4 4 4 8
5 Uxoh E04 � 5 4 5 5 6
6 Uxoh E05 � 4 6 5 5 5
7 Uxoh E06 � 5 7 5 � 5
8 Uxoh F � 5 3 4 5 8
9 Sursrvhg < 4 � � � �



<5 91 D qhz uxoh iru elvhfwlrq gluhfwlrq vhohfwlrq

WDEOH 91:1 Shufhqwdjh uhgxfwlrq rewdlqhg zlwk wkh sursrvhg uxoh ryhu h{lvwlqj uxohv1

Vo1 Qr1 Dsso1 H{dpsoh o Vroxwlrqv Uxoh D Uxoh E04 Uxoh E05 Uxoh E06 Uxoh F
4 Dfwlyh Qrlvh 5 er{hv <( <3( <3( <3( 6(

) Yleudwlrq wlph +v, 7:( <<( <8( <8( <:(
5 Vlpsoh srohv 6 er{hv <6( 3( 3( 3( 4:(

wlph +v, ;;( :9( ;7( 8;( :<(
6 QPS 6 er{hv 4( 6:( 6:( 6:( 6:(

wlph +v, :7( :;( 95( 93( :;(
7 Qrq0udwlrqdo 6 er{hv �5( 83( 83( 83( ;4(

wlph +v, �47( 9<( :4( 97( ;<(
8 Yhklfoh foxwfk 6 er{hv <5( � � � 68(

wlph +v, ;7( � � � :9(
9 Hohfwur 0 8 er{hv � :4( :4( :4( �

Phfkdqlfdo wlph +v, � <3( <4( <5( �
: Phfkdqlfdo 8 er{hv <4( <4( <4( <4( <4(

wlph +v, <5( ;9( ;5( ;5( �
; Dlufudiw 8 er{hv <;( ::( ;7( ;7( �

wlph +v, ;<( 4( 45( 46( 73(
< GF Prwru 9 er{hv � <8( <:( <:( <:(

wlph +v, � 433( 433( 433 <7
43 Lqy1 Shqgxoxp : er{hv � � � � �

wlph +v, � � � � �
Dyhudjh er{hv 88( 97( 98( 98( 75(

wlph +v, 9:( :8( :8( :4( :<(



Wklv lv sdjh <6
Sulqwhu= Rsdtxh w

:
Dq dojrulwkp iru urexvw vwdelolw| dqdo|vlv

:14 Lqwurgxfwlrq
Frqvlghu d idplo| ri uhdo qwk rughu sro|qrpldov

�s +v> t, > t 5 T ^ � +:14,

zkhuh/ v lv wkh frpsoh{ yduldeoh/ t 5 ? _ lv d yhfwru ri sk|vlfdo sdudphwhuv rffxuulqj srvvleo|
qrqolqhduo| lq wkh frh!flhqwv ri sro|qrpldo s/ dqg T ^ � ? _ lv d erxqglqj er{ iru t jlyhq dv

T ^ =@
�k

T ^ ` >T
^ ` l > = = = > kT ^_ >T

^_ l�

Zh zlvk wr �qg li wkh deryh sro|qrpldo idplo| lv urexvwo| vwdeoh/ wkdw lv/ li

s +v> t, 9@ 3 iru doo v 5 F zlwkUh v N 3> iru doo t5 T ^ +:15,

Dfnhupdq ^4` dqg Eduplvk ^9` sursrvhg urexvw vwdelolw| dqdo|vlv phwkrgv iru wkh fdvh ri
wkh sro|qrpldo frh!flhqwv kdylqj d!qh ru pxowlolqhdu ghshqghqflhv rq wkh sdudphwhuv t1
Pruh uhfhqwo|/ Jduor� dqg fr0zrunhuv ^4<`/ ^;5` sursrvhg Ehuqvwhlq sro|qrpldo edvhg urexvw
vwdelolw| dqdo|vlv phwkrgv iru wkh fdvh ri sro|qrpldo sdudphwulf ghshqghqflhv1 Krzhyhu/
wkhuh vhhpv wr eh d odfn ri urexvw vwdelolw| dqdo|vlv phwkrgv iru wkh jhqhudo fdvh ri qrqolqhdu
sdudphwulf ghshqghqflhv1
Lq wklv zrun/ zh dgguhvv wklv jds e| suhvhqwlqj dq dojrulwkp wr dqdo|}h wkh urexvw vwdelolw|

ri sro|qrpldov zlwk qrqolqhdu sdudphwulf ghshqghqflhv1 Zh ghyhors wkh sursrvhg dojrulwkp
xvlqj wrrov ri lqwhuydo dqdo|vlv1 Wkh sursrvhg dojrulwkp lv dssolfdeoh wr qrqolqhdu sdudphwulf
ghshqghqflhv ri d yhu| jhqhudo fodvv zkhuh wkh sro|qrpldo frh!flhqwv fdq eh dq| frqwlqxrxv
ixqfwlrq ri wkh sdudphwhuv t1



<7 :1 Dq dojrulwkp iru urexvw vwdelolw| dqdo|vlv

:15 Edfnjurxqg
Dw wkh rxwvhw/ zh yhuli| wkdw dw ohdvw rqh phpehu ri wkh sro|qrpldo idplo| lq +:14, lv vwdeoh1
Rwkhuzlvh/ wkh idplo| lv reylrxvo| qrw urexvwo| vwdeoh/ dqg zh pd| wkhuhiruh h{lw wkh whvw1
Ohw $ 5 ? ghqrwh wkh iuhtxhqf| yduldeoh1 H{suhvvlqj wkh sro|qrpldo s +m$> t, lq whupv ri

lwv hyhq dqg rgg sduwv jlyhv
s +m$> t, @ s a �$ b > t�. m$s ^ �$ b > t�

Qrz/ dw ohdvw rqh sro|qrpldo kdv douhdg| ehhq yhul�hg dv vwdeoh1 Wkhuhiruh/ e| wkh frqwlqxrxv
ghshqghqf| ri wkh }hurv ri d sro|qrpldo rq lwv frh!flhqwv/ +:15, lpsolhv wkdw wkh hqwluh
sro|qrpldo idplo| lq +:14, lv urexvwo| vwdeoh li dqg rqo| li

3 @5 ��s a �$ b > t� > s c �$ b > t�� > t 5 T ^ > / 5 ?� +:16,
Gh�qh

{ @ �$ b > t�
i +{, @ +s a +{, > s c +{,,

dqg ohw [ ghqrwh wkh lqwhuydo yhfwru fruuhvsrqglqj wr {/ zlwk [ ^ @ ?�T ^ 1 Wkhq/ zh fdq
zulwh +:16, dv

3 @5 �i +{, > { 5 [ ^ �
Li I lv dq| lqfoxvlrq ixqfwlrq ri i> vxfk dv wkh qdwxudo lqfoxvlrq ixqfwlrq ^97`/ wkhq lw iroorzv
iurp wkh lqfoxvlrq surshuw| ri lqwhuydo dqdo|vlv ^7<` wkdw/ iru dq| [ � [ ^ >

3 @5 I +[, , 3 @5 ii +{, > { 5 [j
Wklv lv wkh edvlv iru wkh lqwhuydo }hur h{foxvlrq whvw xvhg ehorz1

:16 Sursrvhg dojrulwkp
Dq lqlwldo vhdufk er{ [ ^ pxvw eh lqsxw wr wkh sursrvhg dojrulwkp1 Iru frqvwuxfwlqj wklv
lqlwldo er{/ zh pd| iroorz wkh phwkrg sursrvhg e| Jduor� hw do1 ^4<` wr rewdlq d wljkw lqlwldo
iuhtxhqf| lqwhuydo1 Dowhuqdwlyho|/ zh pd| xvh d codujh* lqlwldo iuhtxhqf| lqwhuydo/ exw dw wkh
frvw ri lqfuhdvhg frpsxwdwlrqv1 Wkh sdudphwhu er{ lv/ ri frxuvh/ wkh jlyhq er{ T ^ 1
Sursrvhg dojrulwkp
Lqsxwv= Dq lqfoxvlrq ixqfwlrq I ri i / wkh lqlwldo er{ [ ^ 5 L �? _ d ` �1
Rxwsxw = Wkh phvvdjh cwkh v|vwhp lv urexvwo| vwdeoh* ru cwkh v|vwhp lv qrw urexvwo| vwdeoh*1
EHJLQ Dojrulwkp
41 Vhw [ @ [ ^ / lqlwldol}h olvw O @ i[j1



:17 Dssolfdwlrq= pdvv0vsulqj0gdpshu <8

51 Uhpryh doo er{hv iurp olvw O dqg hydoxdwh I ryhu doo wkh er{hv1
61 +lqwhuydo }hur h{foxvlrq whvw, Glvfdug doo er{hv iru zklfk 3 @5 I +[,1
71 Iru dq| er{/ li wkh zlgwk ri I +[, lv zlwklq pdfklqh suhflvlrq/ wkhq sulqw cwkh v|vwhp

lv qrw urexvwo| vwdeoh* dqg H[LW dojrulwkp1
81 Iroorzlqj vhfwlrq 916/ elvhfw doo er{hv lq frruglqdwh gluhfwlrq n/ jhwwlqj vxeer{hvY ` >Y b

vxfk wkdw [ @ Y ` VY b 1 Ghsrvlw doo wkhvh vxeer{hv lq O1
91 Li wkh olvw O lv hpsw|/ wkhq sulqw cwkh v|vwhp lv urexvwo| vwdeoh* dqg H[LW dojrulwkp1

Hovh/ jr wr vwhs 51
HQG Dojrulwkp

Uhpdun :14 Lq wkh sursrvhg dojrulwkp/ ixqfwlrq hydoxdwlrqv/ }hur h{foxvlrq fkhfnv/ zlgwk
fkhfnv/ dqg elvhfwlrqv rq doo er{hv lq dq lwhudwlrq duh shuiruphg frqfxuuhqwo| xvlqj yhfwrul}hg
lqwhuydo dulwkphwlf rshudwlrqv1
Uhpdun :15 Lq wkh sursrvhg dojrulwkp/ zh xvh wkh qhz elvhfwlrq uxoh jlyhq lq fkdswhu 91

:17 Dssolfdwlrq= pdvv0vsulqj0gdpshu
Wkh h{dpsoh lv jlyhq e| Dfnhupdq dqg Vlhqho ^5`1 Frqvlghu wkh pdvv0vsulqj0gdpshu v|vwhp
+dovr fdoohg dv csodqw* lq wkh vhtxho, vkrzq lq Ilj1 :14
Wkh lqsxw x lv d irufh dffhohudwlqj pdvv p b / zkhuhdv wkh phdvxuhg yduldeoh lv srvlwlrq | ` =

Odsodfh wudqviruplqj wkh htxdwlrqv ri prwlrq jlyhv
s ` +v>p ` > g ` > f ` > f `8b ,{ ` +v,� f `Ob { b +v, @ 3
s b +v>p b > g b > f b > f `8b ,{ b +v,� f `Ob { ` +v, @ x +v,

zkhuh/
s ` +v>p ` > g ` > f ` > f `Ob , @ p ` v b . g ` v. f ` . f `Ob
s b +v>p b > g b > f b > f `Ob , @ p b v b . g b v. f b . f `Ob

Wkh ydoxhv ri wkh sdudphwhuv ydu| ryhu wkh lqwhuydov
p ` 5 ^4> 6` g ` 5 ^3=8> 5` f ` 5 ^4> 5`
p b 5 ^5> 8` g b 5 ^3=8> 5` f b 5 ^5> 7`

zlwk �{hg f `Ob @ 41 Wkh cqrplqdo* sodqw lv wkh rqh fruuhvsrqglqj wr wkh plgsrlqw ri hdfk
sdudphwhu lqwhuydo1 Xvlqj wkh sroh0sodfhphqw whfkqltxh iru wkh qrplqdo sodqw/ d plqlpxp0
skdvh dqg vwdeoh wklug rughu frpshqvdwru ri wkh irup

q e +v> e,
g e +v> d, @ e f v f . e b v b . e ` v. e ^

v f . d b v b . d ` v. d ^



<9 :1 Dq dojrulwkp iru urexvw vwdelolw| dqdo|vlv

lv ghvljqhg1 Qrz d qhljkerukrrg ri wklv frpshqvdwru zlwk 	43( yduldwlrq lq wkh frh!flhqwv
lv dvvxphg/ jlylqj

d ^ 5 ^4:433> 53<33` d ` 5 ^4638> 48<8` d b 5 ^88=;> 9;=5`
e ^ 5 ^545395=8> 58<4;:=8` e ` 5 ^;38;6:=8> <;7<45=8` e b 5 ^:54345=8> ;;456:=8`
e f 5 ^757458> 84;6:8`

Wkh ihhgedfn v|vwhp kdv wkh forvhg0orrs fkdudfwhulvwlf sro|qrpldo
is ` +v> f ` > g ` >p ` > f `Ob , s b +v> f b > g b >p b > f `Ob ,� 4jg e +v> d, . q e +v> e,

kdylqj wkluwhhq xqfhuwdlq sdudphwhuv/ dqg zlwk pxowlolqhdu sdudphwulf ghshqghqflhv1 Wkh
lqlwldo iuhtxhqf| lqwhuydo lv wdnhq dv ^3> 8333`1 Qrwh wkdw Jduor� hw do1 ^4<` jlyh wkh lqlwldo
iuhtxhqf| lqwhuydo dv ^3=7;> 7;:<=:9`1
Wkh sursrvhg dojrulwkp lv lpsohphqwhg rq d Shqwlxp LLL ;33 PK} pdfklqh zlwk 833 PE

UDP xvlqj LQWODE ^9;`1 Wkh dojrulwkp uhsruwv lq 3=47 vhfrqgv wkdw wkh frqvlghuhg ihhgedfn
v|vwhp lv urexvwo| vwdeoh1
Lw pd| eh qrwhg wkdw iru wkh vdph h{dpsoh/ Jduor� hw do1 ^4<` uhsruw wkdw wkhlu Frqyh{ Kxoo

Ehuqvwhlq dojrulwkp wrrn derxw ;3 vhfrqgv rq d pruh srzhuixo KS <333@:88 zrunvwdwlrq1
Pruhryhu/ wkh phwkrg ri Jduor� hw do1 lv uhvwulfwhg wr sdudphwulf ghshqghqflhv zklfk duh
sro|qrpldo lq qdwxuh/ zkhuhdv wkh sursrvhg dojrulwkp lv dssolfdeoh wr sdudphwulf ghshqghq0
flhv ri d jhqhudo qrqolqhdu qdwxuh1

:18 Frqfoxvlrqv
Zh kdyh suhvhqwhg d vlpsoh dqg gluhfw phwkrg iru urexvw vwdelolw| dqdo|vlv ri sro|qrpldov
kdylqj qrqolqhdu sdudphwulf ghshqghqflhv1 Zh vxffhvvixoo| ghprqvwudwhg wkh h�hfwlyhqhvv
ri wkh sursrvhg dojrulwkp rq d sk|vlfdo h{dpsoh zlwk wkluwhhq xqfhuwdlq sdudphwhuv1 E|
frqvlghulqj wkh gl!fxow dqg jhqhudo fodvv ri qrqolqhdu sdudphwulf ghshqghqflhv/ zh eholhyh
wkdw wkh sursrvhg phwkrg �oov lq d vljql�fdqw jds lq wkh urexvw vwdelolw| dqdo|vlv olwhudwxuh1
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ILJXUH :141 Vfkhpdwlf uhsuhvhqwdwlrq ri wkh pdvv0vsulqj0gdpshu v|vwhp1
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Dowkrxjk lqwhuydo dqdo|vlv dojrulwkpv duh uholdeoh dqg dffxudwh/ wkh| duh riwhq irxqg wr eh
vorz lq h{hfxwlrq/ vshfldoo| iru gl!fxow sureohpv1 Wkh vshhg olplwdwlrq kdv ehhq ryhufrph wr
d frqvlghudeoh h{whqw e| xvlqj vshfldo frsurfhvvruv/ ixqfwlrqdo kdugzduh xqlwv/ dqg sdudooho
surfhvvlqj whfkqltxhv rq pxowl0surfhvvru pdfklqhv1 Krzhyhu/ dv vlqjoh surfhvvru pdfklqhv
vxfk dv ghvnwrs frpsxwhuv duh pxfk pruh zlgho| xvhg/ lw zrxog eh dgydqwdjhrxv wr kdyh
whfkqltxhv wkdw vshhg xs lqwhuydo dqdo|vlv dojrulwkpv rq vlqjoh surfhvvru pdfklqhv1
Lq wklv wkhvlv/ dq dwwhpsw zdv pdgh wr vshhg xs vrph ri wkh nh| lqwhuydo dqdo|vlv dojr0

ulwkpv rq vlqjoh surfhvvru pdfklqhv1 Lq d w|slfdo lqwhuydo dqdo|vlv dojrulwkp/ rqo| rqh er{
lv surfhvvhg lq hdfk lwhudwlrq1 Vlqfh vxfk surfhvvlqj lv lqkhuhqwo| vorz gxh wr lwv vhtxhqwldo
qdwxuh/ lw zdv wkhuhiruh sursrvhg lq wklv zrun wr surfhvv doo er{hv suhvhqw lq hdfk lwhudwlrq1
Ixuwkhu/ lw zdv dovr sursrvhg wr xvh yhfwrul}hg lqwhuydo dulwkphwlf rshudwlrqv iru shuiruplqj
wkh ydulrxv wdvnv/ vxfk dv ixqfwlrq dqg judglhqw hydoxdwlrqv/ prqrwrqlflw| whvw/ fxw0r� whvw/
zlgwk fkhfnv/ dqg elvhfwlrqv/ rq doo er{hv suhvhqw dw d jlyhq lwhudwlrq1 Yhfwrul}dwlrq jlyhv
d ghjuhh ri sdudooholvp lq vfdodu surfhvvruv/ hqdeolqj idvwhu surfhvvlqj ri doo er{hv lq wkh
olvw dw d jlyhq lwhudwlrq1 Wklv nlqg ri yhfwrul}dwlrq ru gdwd sdudooholvp lv fxuuhqwo| srvvleoh
zlwk LQWODE2PDWODE/ IRUWUDQ <8/ F 2 F../ dqg SDVFDO iru lqwhuydo dulwkphwlf
rshudwlrqv1
Wkh sursrvhg vwudwhj| g ohg wr wkh iroorzlqj ghyhorsphqwv dqg frqvhtxhqfhv=
41 D yhfwrul}hg yhuvlrq ri wkh lqwhuydo Qhzwrq dojrulwkp zdv sursrvhg iru vroylqj �qlwh0

glphqvlrqdo v|vwhpv ri qrqolqhdu htxdwlrqv1 Wkh sursrvhg yhfwrul}hg lqwhuydo Qhzwrq
dojrulwkp lv xqdowhuhg lq hvvhqfh iurp wkh edvlf lqwhuydo Qhzwrq dojrulwkp1 \hw/ rq d
froohfwlrq ri wzhqw|0rqh whvw sureohpv/ wkh sursrvhg yhfwrul}hg dojrulwkp zdv irxqg wr

h�ikj l7mYn8l)m1o�pVq'r s'n"pGj l7m t$j u[u)m1q'v1s"o�w�x v1n8l7o�y2z]m o�pGo�{'o�pVq'|1|1r j u�q"}1r o"~
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eh frqvlghudeo| idvwhu wkdq wkh ruljlqdo rqh lq doo h{dpsohv1 Rq dq dyhudjh/ wkh iruphu
zdv irxqg wr eh pruh wkdq hohyhq wlphv idvwhu wkdq wkh odwwhu1

51 D yhfwrul}hg yhuvlrq ri Qhxpdlhu*v fryhulqj dojrulwkp zdv sursrvhg iru vroylqj �qlwh0
glphqvlrqdo v|vwhpv ri sdudphwhu 0 ghshqghqw qrqolqhdu htxdwlrqv1 Wkh sursrvhg yhf0
wrul}hg fryhulqj dojrulwkp lv xqdowhuhg lq hvvhqfh iurp wkh edvlf fryhulqj dojrulwkp1
Rq d froohfwlrq ri �yh whvw h{dpsohv/ wkh sursrvhg yhfwrul}hg fryhulqj dojrulwkp zdv
irxqg wr eh vljql�fdqwo| idvwhu wkdq wkh ruljlqdo rqh lq doo h{dpsohv1 Lq ghpdqglqj
sureohpv/ wkh iruphu zdv irxqg wr eh idvwhu e| xs wr wzr rughuv ri pdjqlwxgh wkdq wkh
odwwhu1 Pruhryhu/ wkh vshhg xs zlwk wkh sursrvhg yhfwrul}hg yhuvlrq zdv irxqg wr jhw
ehwwhu zlwk wljkwhu suhvfulehg dffxudf|1

61 D yhfwrul}hg yhuvlrq ri wkh edvlf lqwhuydo dqdo|vlv rswlpl}dwlrq dojrulwkp zdv sursrvhg
iru vroylqj wkh xqfrqvwudlqhg qrqolqhdu joredo rswlpl}dwlrq sureohp1 Wkh edvlf rswl0
pl}dwlrq dojrulwkp uhihuuhg wr lv wkh zhoo0nqrzq Prruh0Vnhoerh dojrulwkp dxjphqwhg
zlwk wkh plgsrlqw whvw dqg wkh prqrwrqlflw| whvw1 Dojrulwkplf fkdqjhv wr wkh edvlf
dojrulwkp zhuh dovr sursrvhg/ edvhg rq wkh idfw wkdw doo wkh er{hv lq d jlyhq olvw zhuh
surfhvvhg1 Lq wkh edvlf dojrulwkp/ wkh fxw0r� whvw xvhv wkh ixqfwlrq ydoxh dw wkh plg0
srlqw ri wkh ohdglqj er{ dw hdfk lwhudwlrq/ zkloh wkh prqrwrqlflw| whvw lv dssolhg wr wkh
vxeer{hv rewdlqhg e| elvhfwlrq ri wkh ohdglqj er{ dw hdfk lwhudwlrq1 Lq wkh sursrvhg do0
jrulwkp/ wkh fxw0r� whvw xvhv wkh plqlpxp ri wkh ixqfwlrq ydoxhv dw wkh plgsrlqwv ri doo
er{hv lq wkh olvw dw hdfk lwhudwlrq/ zkloh wkh prqrwrqlflw| whvw lv dssolhg wr wkh vxeer{hv
rewdlqhg e| elvhfwlrq ri doo er{hv lq wkh olvw dw hdfk lwhudwlrq1 Wkh qhz fxw0r� whvw lq
wkh sursrvhg dojrulwkp lv pruh h�hfwlyh wkdq wkh rqh lq wkh edvlf dojrulwkp 0 dv wkh
qhz fxw0r� ydoxh lv wkh plqlpxp ri ixqfwlrq ydoxhv dw wkh plgsrlqwv ri doo er{hv lq wkh
olvw1 Olnhzlvh/ wkh qhz prqrwrqlflw| whvw lq wkh sursrvhg dojrulwkp hqdeohv luuhohydqw
uhjlrqv wr eh glvfdughg vrrqhu wkdq lq wkh edvlf dojrulwkp1 Wkh sursrvhg dqg h{lvwlqj
dojrulwkpv zhuh hydoxdwhg xvlqj wzr gl�huhqw whuplqdwlrq fulwhuld1 Rq d froohfwlrq ri
�iw| vwdqgdug rswlpl}dwlrq whvw ixqfwlrqv/ wkh sursrvhg dojrulwkp zdv deoh wr vroyh
doo wkh whvw ixqfwlrqv/ zkhuhdv wkh edvlf dojrulwkp zdv xqdeoh wr gr vr1 Ghvslwh pruh
qxpehu ri ixqfwlrq hydoxdwlrqv/ frpsxwdwlrqdo h�ruw/ dqg pd{lpxp olvw ohqjwk/ wkh
sursrvhg dojrulwkp jdyh dq dyhudjh vshhg lpsuryhphqw ri 9;( iru whuplqdwlrq fulwh0
ulrq D1 Iru whuplqdwlrq fulwhulrq E/ wkh deryh shuirupdqfh phwulfv zhuh pruh idyrudeoh
iru wkh sursrvhg dojrulwkp zlwk wkh dyhudjh vshhg lpsuryhphqw ehlqj :7(1 Lq vkruw/
wkh sursrvhg dojrulwkp xvhg dq| h{wud ixqfwlrq hydoxdwlrqv/ frpsxwdwlrqdo h�ruw/ dqg
pd{lpxp olvw ohqjwk h�hfwlyho|/ |lhoglqj frqvlghudeoh vdylqjv lq frpsxwdwlrqdo wlph1

71 D yhfwrul}hg yhuvlrq ri wkh vhw lqyhuvlrq yld lqwhuydo dqdo|vlv dojrulwkp ri Mdxolq hw do1
zdv sursrvhg iru fkdudfwhul}lqj wkh grpdlq ri d vhw ri qrqolqhdu lqhtxdolwlhv1 Dojrulwk0
plf lpsuryhphqwv wr wkh dojrulwkp ri Mdxolq hw do1 zhuh dovr sursrvhg/ edvhg rq wkh
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surshuw| ri prqrwrqlflw|= +d, wkh srzhuixo prqrwrqlflw| whvw irup zdv xvhg dv dq lq0
foxvlrq ixqfwlrq/ dqg +e, zkhq dq| ri wkh frqvwudlqw ixqfwlrqv prqrwrqlfdoo| lqfuhdvhg
uhvs1 ghfuhdvhg lq hyhu| frpsrqhqw gluhfwlrq rq d jlyhq er{/ wkhq wkh sduw ri er{ zkhuh
wkh lqhtxdolw| zdv fhuwdlqo| lqihdvleoh zdv irxqg dqg glvfdughg1 Rq wzr urexvw vwdelolw|
sureohpv/ lqfoxglqj d fdvh vwxg| ri vshhg frqwuro ri d mhw hqjlqh/ lw zdv irxqg wkdw
wkh sursrvhg dojrulwkp hqforvhg V pruh dffxudwho|1 Wkh sursrvhg dojrulwkp zdv dovr
irxqg wr uhtxluh ohvv olvw ohqjwkv/ exw dw wkh h{shqvh ri pruh frpsxwdwlrqdo wlph1

81 D ghulydwlyh iuhh uxoh iru elvhfwlrq gluhfwlrq vhohfwlrq zdv sursrvhg iru xvh lq dq h{lvwlqj
yhfwrul}hg dojrulwkp iru udqjh frpsxwdwlrqv1 Wkh sklorvrsk| ehklqg wkh sursrvhg uxoh
zdv wkdw �wkh ehvw elvhfwlrq gluhfwlrq iru wkh udqgrp er{ ri fxuuhqw olvw lv +olnho|, wkh
ehvw elvhfwlrq gluhfwlrq iru doo rwkhu er{hv ri fxuuhqw olvw�1 Rq d froohfwlrq ri whq uhdo0
zruog h{dpsohv frqfhuqlqj wkh whpsodwh jhqhudwlrq sureohp/ lw zdv irxqg wkdw wkh
sursrvhg elvhfwlrq gluhfwlrq vhohfwlrq uxoh zdv deoh wr vxffhvvixoo| vroyh doo h{dpsohv/
zkhuhdv qrqh ri wkh hvwdeolvkhg uxohv/ vxfk dv cpd{lpxp zlgwk* dqg cpd{lpxp vphdu*
uxohv/ zhuh deoh wr gr vr1 Pruhryhu/ rq wkh dyhudjh/ derxw 8;( uhgxfwlrq lq wkh qxpehu
ri vroxwlrq er{hv dqg :6( uhgxfwlrq lq frpsxwdwlrqdo wlph zhuh rewdlqhg zlwk wkh
sursrvhg elvhfwlrq gluhfwlrq vhohfwlrq uxoh ryhu h{lvwlqj uxohv1 D qrwhzruwk| hpslulfdo
�qglqj zdv wkdw pruh wkdq wkuhh0irxuwkv ri wkh er{hv dw dq| jlyhq lwhudwlrq ri wkh
dojrulwkp kdg wkh vdph cehvw elvhfwlrq gluhfwlrq* dv wkdw ri wkh udqgrp er{1 Wklv
hpslulfdo �qglqj ylqglfdwhg/ e| dqg odujh/ wkh sklorvrsk| dgrswhg iru wkh sursrvhg uxoh
�wkh ehvw elvhfwlrq gluhfwlrq iru d udqgrpo| slfnhg er{ iurp d jlyhq olvw lv olnho| wkh
ehvw elvhfwlrq gluhfwlrq iru doo rwkhu er{hv ri wkh vdph olvw�1 Wkh �qglqjv ri wkh suhvhqw
zrun dovr vxjjhvw wkdw lw pd| eh iuxlwixo wr eulqj lq vrph dprxqw ri udqgrpl}dwlrq
lqwr wkh erg| ri lqwhuydo dqdo|vlv dojrulwkpv1

91 D yhfwrul}hg lqwhuydo dqdo|vlv dojrulwkp zdv sursrvhg wr dqdo|}h wkh urexvw vwdelo0
lw| ri sro|qrpldov zlwk qrqolqhdu sdudphwulf ghshqghqflhv1 Wkh sursrvhg dojrulwkp
lv dssolfdeoh wr qrqolqhdu sdudphwulf ghshqghqflhv ri d yhu| jhqhudo fodvv zkhuh wkh
sro|qrpldo frh!flhqwv fdq eh dq| frqwlqxrxv ixqfwlrq ri wkh sdudphwhuv1 Wkh sur0
srvhg dojrulwkp zdv edvhg rq wkh lqwhuydo }hur h{foxvlrq whvw/ dqg xvhg wkh deryh
sursrvhg ghulydwlyh iuhh uxoh iru elvhfwlrq ri doo er{hv lq d jlyhq olvw1 Rq d pdvv0vsulqj0
gdpshu v|vwhp lqyroylqj wkluwhhq xqfhuwdlq sk|vlfdo sdudphwhuv/ lw zdv irxqg wkdw wkh
dojrulwkp vxffhvvixoo| yhul�hg urexvw vwdelolw|1 Dv wkhuh lv fxuuhqwo| d odfn ri urexvw
vwdelolw| dqdo|vlv phwkrgv iru wkh jhqhudo fdvh ri qrqolqhdu sdudphwulf ghshqghqflhv/
lw lv eholhyhg wkdw wkh sursrvhg phwkrg �oov lq d vljql�fdqw jds lq wkh urexvw vwdelolw|
olwhudwxuh1



435 ;1 Frqfoxvlrqv

;14 Vxjjhvwlrqv iru ixwxuh zrun
Vrph vxjjhvwhg gluhfwlrqv iru ixwxuh uhvhdufk zrun duh dv iroorzv=

� Lqyhvwljdwlrq ri d pruh frpsuhkhqvlyh yhfwrul}hg joredo rswlpl}dwlrq phwkrg wkdw lq0
foxghv dffhohudwlqj ghylfhv/ vxfk dv wkh frqyh{lw| whvw dqg wkh lqwhuydo Qhzwrq phwkrg1

� H{whqvlrq ri wkh deryh wr ghdo zlwk frqvwudlqhg joredo rswlpl}dwlrq sureohpv1
� Lqyhvwljdwlrq ri d udqgrpl}hg elvhfwlrq gluhfwlrq uxoh lq wkh frqwh{w ri joredo rswlpl}d0
wlrq dqg urrw �qglqj1

� Lqyhvwljdwlrq ri dq lpsuryhg vhw lqyhuvlrq dojrulwkp xvlqj Kdqvhq*v vwudwhj| ^59` iru
vroylqj v|vwhp ri lqhtxdolwlhv 1

� Ghyhorsphqw ri dssolfdwlrq vshfl�f kdugzduh/ vxfk dv wkrvh edvhg rq  rdwlqj 0 srlqw
jdwh duud|v +ISJDv,/ iru shuiruplqj yhfwrul}hg lqwhuydo Qhzwrq dojrulwkp dqg Prruh
0 Vnhoerh dojrulwkp1
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Dsshqgl{ D
Whvw sureohpv xvhg lq fkdswhu 5

41 Wrroer{41 ]hurv ri wklv ixqfwlrq fruuhvsrqg wr wkh lqwhuvhfwlrq srlqwv ri wkh flufoh
zlwk plg srlqw +43> 4, dqg udglxv 4 dqg wkh flufoh zlwk plg srlqw +44> 4, dqg udglxv 4>
Wkh ixqfwlrq lv jlyhq dv H{huflvh 46=4 lq ^57`1

i ` @ { b ` � 53{ ` . { bb � 5{ b . 433
i b @ { b ` � 55{ ` . { bb � 5{ b . 454

Wkh lqlwldo er{ lv +^43> 45` > ^3> 6`,
51 Wrroer{51 Wkh ixqfwlrq lv jlyhq dv H{huflvh 46=5 lq ^57`1

i ` @
�{ `
5
� b

.
�{ b
6
� b � 4

i b @
�{ `
6
� b

.
�{ b
5
� b � 4

Wkh lqlwldo er{ lv +^4> 5` > ^4> 5`,
61 Kdqvhq41 D qxphulfdo h{dpsoh jlyhq lq ^59/ ss1 443`1

i ` @ { b ` . { bb � 4
i b @ 5{ b ` � { b � 4

Wkh lqlwldo er{ lv +^3> 5` > ^�5> 5`,
71 Orwnd61 D qhxudo qhwzrun prghohg e| dq dgdswlyh Orwnd0Yrowhuud v|vwhp +jlyhq dv

sureohp qrrq6 lq ^:;`, 1
i ` @ { ` { bb . { ` { bf � 4=4{ ` . 4
i b @ { b { b ` . { b { bf � 4=4{ b . 4
i f @ { f { b ` . { f { bb � 4=4{ f . 4
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Wkh lqlwldo er{ lv ^�4=8> 5` f

81 Uhgl�61 D 6�glphqvlrqdo uhdfwlrq0gl�xvlrq sureohp lq ^:;`1
i ` @ �5{ ` . { b . 3=;68967867{ ` +4� { ` ,
i b @ { ` � 5{ b . { f . 3=;68967867{ b +4� { b ,
i f @ { b � 5{ f . 3=;68967867{ f +4� { f ,

Wkh lqlwldo er{ lv ^3> 4` f

91 Uhgf|f71 D uhgxfhg f|folf 7�urrwv sureohp lq ^:;`1
i ` @ 4. { ` . { b . { f . { �
i b @ { ` . { ` { b . { b { f . { f { � . { �
i f @ { ` { b . { ` { b { f . { b { f { � . { b { f { � . { f { � . { � { `
i � @ { ` { b { f . { ` { b { f { � . { b { f {� . { f { � { ` . { � { ` { b

Wkh lqlwldo er{ lv +^�3=7> 9=<` > ^�5=:> 4` > ^�5=:>�3=5` > ^�5=:> 4`,
:1 Oruhqw}71 Wkh htxloleulxp srlqwv ri d 7�glphqvlrqdo Oruhqw} dwwudfwru lq ^:;`1

i ` @ { ` { b � { ` { f � { � . 4
i b @ { b { f � { b { � � { ` . 4
i f @ �{ ` { f . { f { � � { b . 4
i � @ { ` { � � { b { � � { f . 4

Wkh lqlwldo er{ lv +^�4> 4` > ^�3=4> 4` > ^�4> 4` > ^�3=4> 4`,
;1 Txdg71 D Jdxvvldq txdgudwxuh irupxod zlwk 5 nqrwv dqg 5 zhljkwv +jlyhq dv sureohp

txdgiru lq ^:;`, 1
i ` @ { ` . { b � 4
i b @ { ` { f . { b { �
i f @ { ` { bf . { b { b� � 5@6
i � @ { ` { ff . { b { f�

Wkh lqlwldo er{ lv +^�4> 4` > ^3> 4` > ^3> 4` > ^�5> 3`,
<1 Orwnd81 D qhxudo qhwzrun prghohg e| dq dgdswlyh Orwnd0Yrowhuud v|vwhp +jlyhq dv

sureohp qrrq8 lq ^:;`,1
i ` @ { ` { bb . { ` { bf . { ` { b� . { ` { b� � 4=4{ ` . 4
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i b @ { b { b ` . { b { bf . { b { b� . { b { b� � 4=4{ b . 4
i f @ { f { b ` . { f { bb . { f { b� . { f { b� � 4=4{ f . 4
i � @ { � { b ` . { � { bb . { � { bf . { � { b� � 4=4{ � . 4
i � @ { � { b ` . { � { bb . { � { bf . { � { b� � 4=4{ � . 4

Lqlwldo er{ = +^�3=<>�3=6` > ^�3=;>�3=6` > ^�3=;>�3=6` > ^�3=;>�3=6` > ^�3=;> 5`,
431 Hfr81 D 8�glphqvlrqdo Hfrqrplfv sureohp lq ^:;`1

i ` @ +{ ` . { ` { b . { b { f . { f { � ,{ � � 4
i b @ +{ b . { ` { f . { b { � ,{ � � 5
i f @ +{ f . { ` { � ,{ � � 6
i � @ { ` . { b . { f . { � . 4

Wkh lqlwldo er{ lv +^�3=4> 4=6` > ^3=<> 4=:` > ^�4=5> 4=5` > ^�8>�4` > ^�43>�3=<`,
441 Zuljkw81 Wkh v|vwhp ri D1 K1 Zuljkw lq ^:;`1

i ` @ { b ` � { ` . { b . { f . { � . { � � 43
i b @ { bb . { ` � { b . { f . { � . { � � 43
i f @ { bf . { ` . { b � { f . { � . { � � 43
i � @ { b� . { ` . { b . { f � { � . { � � 43
i � @ { b� . { ` . { b . { f . { � � { � � 43

Wkh lqlwldo er{ lv +^�8> 8=7` > ^�8> 7` > ^�8> 5` > ^�8> 6=4` > ^�8> 5=7`,
451 Uhghfr81 D uhgxfhg 8�glphqvlrqdo Hfrqrplfv sureohp lq ^:;`

i ` @ { ` . { ` { b . { b { f . { f { � � x �
i b @ { b . { ` { f . { b { � � 5x �
i f @ { f . { ` { � � 6x �
i � @ { � � 7x �
i � @ { ` . { b . { f . {� . 4> zkhuh x � @ 4@{ �

Wkh lqlwldo er{ lv +^�3=6> 4` > ^�4=8> 4=:` > ^�4=5> 4` > ^�7> 3` > ^�4> 3`, =
461 Qhxur91 D sureohp iurp Qhxursk|vlrorj| +jlyhq dv sureohp errq lq ^:;`,1

i ` @ { b ` . { bf � 4
i b @ { bb . { b� � 4
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i f @ { � { ff . { � { f� � 4=5
i � @ { � { f ` . { � { f b � 4=5
i � @ { � { bf { ` . { � { f� { b � 3=:
i � @ { � { f { b ` . { � { � { bb � 3=:

Wkh lqlwldo er{ lv +^�3=8> 3` > ^3> 4` > ^�4> 4` > ^�4> 4` > ^�4> 4` > ^�3=8> 5`, =
471 Wulqn1 D v|vwhp ri Wulqnv iurp wkh SrVVr whvw vxlwh/ dovr jlyhq lq ^:;`1

i ` @ 78{ ` . 68{ b � 498{ f � 69
i b @ 68{ ` . 58{ � . 73{ � � 5:{ b
i f @ 58{ ` { b � 498{ bf . 48{ � � 4;{ � . 63{ �
i � @ 48{ ` { � . 53{ � { b � <{ �
i � @ �44={ ff . { � { ` . 5{ � { �
i � @ �44{ b { f . 6{ bf . <<{ �

Wkh lqlwldo er{ lv +^�6=8> 3=6` > ^�6=8> 3=7`> ^�4=<> 3` > ^�:> 3=4` > ^�3=4> 8` > ^�3=4> 3=;`, =
481 Uhghfr91 D uhgxfhg 9�glphqvlrqdo Hfrqrplfv sureohp lq ^:;`1

i ` @ { ` . { ` { b . { b { f . { f { � . { � { � � x �
i b @ { b . { ` { f . { b { � . { f { � � 5x �
i f @ { f . { ` { � . { b { � � 6x �
i � @ { � . { ` { � � 7x �
i � @ { � � 8x �
i � @ { ` . { b . { f . { � . { � . 4> zkhuh x � @ 4@{ �

Wkh lqlwldo er{ lv +^�4> 4=6` > ^�4> 4=7` > ^�4=9> 4` > ^�4=5> 4=4` > ^�8> 3` > ^�5> 3`, =
491 Kdqvhqv1 Wkh sureohp ri Kdqvhq dqg Vhqjxswd/ dovr zrunhg rxw dv d vdpsoh sureohp

lq ^57`1
i � @ 3=9{ � � 5 . 3=7<{ �

�[
�'� ` {

b� > l @ 4> ===> 9

Wkh lqlwldo er{ lv ^�4> 4` � =
4:1 V|vwhpv;1 D vpdoo v|vwhp iurp frqvwuxfwlyh Jdorlv wkhru| +jlyhq dv sureohp v< 4 lq

^:;`,1
i ` @ �{ ` { � � 5{ b { f
i b @ <{ ` . 7{ �



Dsshqgl{ D1 Whvw sureohpv xvhg lq fkdswhu 5 43:

i f @ �7{ � { f � 5{ ` { � � 6{ b { �
i � @ �:{ � . <{ � � ;{ �
i � @ �7{ b { � � 8{ � { � � 9{ f � 6{ `
i � @ �8{ b � 9{ � { � � :{ � . <{ �
i � @ <{ b . 9{ � � 8{ �
i � @ <{ � � :{ � . ;

Wkh lqlwldo er{ lv +^�6> 3=8` > ^�3=8> 4=5` > ^�3=8> 4=8` > ^�3=8> 9` > ^�5> 6` > ^3> 6` > ^3> 5> 5` > ^�4=8> 8`, =
4;1 Urerw1 Wkh nlqhpdwlf htxdwlrqv iru d SXPD urerw lq ^86`1

i ` @ � ` { ` { f . � b { b { f . � f { ` . � � { b . � � { � . � � { � . � � @ 3
i b @ � � { ` { f . � � { b { f . � `O^ { ` . � `"` { b . � `Ob { � . � ` f @ 3
i f @ � ` � { � { � . � ` � { ` . � ` � { b @ 3
i � @ � ` � { ` . � ` � { b . � ` � @ 3
i � @ { b ` . { bb � 4 @ 3
i � @ { bf . { b� � 4 @ 3
i � @ { b� . { b� � 4 @ 3
i � @ { b � . { b� � 4 @ 3

zkhuh/
� ` @ 7=:64� 43 � f > � b @ �3=68:;> � f @ �3=456;> � � @ �4=96:� 43 � f > � � @ �3=<66;> � � @ 4>
� � @ �3=68:4> � � @ 3=556;> � � @ 3=:956> � `�^ @ 3=596;> � `"` @ �3=3::78> � `Ob @ �3=9:67>
� ` f @ �3=9355> � ` � @ 4> � ` � @ 3=68:;> � ` � @ 7=:64� 43 � f > � ` � @ �3=:956>
� ` � @ 3=556;> � ` � @ 3=6794
Wkh lqlwldo er{ lv ^�4> 4` � =

4<1 Nlqhpd1 D urerw nlqhpdwlfv sureohp lq ^:;`1
i ` @ { b ` . { bb . { bf � 45{ ` � 9;
i b @ { b� . { b� . { b� � 45{ � � 9;
i f @ { b � . { b� . { b� � 57{ � � 45{ � . 433
i � @ { ` { � . { b { � . { f { � � 9{ ` � 9{ � � 85
i � @ { ` { � . { b { � . { f { � � 9{ ` � 45{ � � 9{ � . 97
i � @ { � { � . { � { � . { � { � � 9{ � � 45{ � � 9{ � . 65
i � @ 5{ b . 5{ f � {� � { � � 5{ � � { � � { � . 4;
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i � @ { ` . { b . 5{ f . 5{ � . 5{ � � 5{ � . { � � { � � 6;
i � @ { ` . { f � 5{ � . { � � { � . 5{ � . 5{ � . ;

Wkh lqlwldo er{ lv +^5> 43` > ^�7> 43` > ^5> 43` > ^8> 43` > ^3> 9` > ^9> :` > ^3> 43` > ^6> 44` > ^9> 44`, =
531 Nx431 D 43�glphqvlrqdo v|vwhp ri Nx lq ^:;`1

i ` @ 8{ ` { b . 8{ ` . 6{ b . 88
i b @ :{ b { f . <{ b . <{ f . 4<
i f @ 6{ f { � . 9{ f . 8{ � � 7
i � @ 9{ � { � . 9{ � . :{ � . 44;
i � @ { � { � . 6{ � . <{ � . 5:
i � @ 9{ � { � . :{ � { � . :5
i � @ <{ � { � . :{ � . { � . 68
i � @ 7{ � { � . 7{ � . 9{ � . 49
i � @ ;{ � { `�^ . 7{ � . 6{ `O^ � 84
i `�^ @ 6{ ` { `�^ � 9{ ` . { `�^ . 8

Wkh lqlwldo er{ lv +^5> ;` > ^�8>�5` > ^�5> 3` > ^4> 8` > ^�<>�7` > ^�7>�6` > ^5> 6` > ^�6>�5` > ^5> 7` > ^4> 5`, =
541 Vsduvhg41 D vsduvh v|vwhp nqrzq dv ehqfkpdun G4 lq ^:;`1

i ` @ { b ` . { bb � 4
i b @ { bf . { b� � 4
i f @ { b� . { b� � 4
i � @ { b � . { b� � 4
i � @ { b� . { b `�^ � 4
i � @ { b `'` . { b `Ob � 4
i � @ 6{ f . 5{ � . { � � 6=<:34
i � @ 6{ ` { � . 5{ ` { � . { ` { � � 4=:4:5
i � @ 6{ b { � . 5{ b { � . { b { � � 7=3949
i `�^ @ { f { � . { � { � . { � { � � 4=<:<4
i `"` @ { b { � { � . { b { � { � . { b { � { � . { ` { `�^ � 4=<448
i `Ob @ �{ f { `�^ { `"` � { � { `O^ { `"` � { � { `O^ { `"` . { � { `Ob . { � { `8b . { � { `8b � 3=73::

Wkh lqlwldo er{ lv ^�8>�3=4` > ^�4=4>�3=;` > ^3=7> 3=:` > ^�4=4>�3=9<<` > ^3=8> 4` > ^�4>�3=5` >
^3=8> 3=<` > ^�4>�3=5` > ^3=8> 4=4` > ^�3=8> 3=8` > ^3=8> 4=4` > ^�3=9> 3=5`
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Sulqwhu= Rsdtxh w

Dsshqgl{ E
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41 Wkh 40 glphqvlrqdo pdqlirog lq ^94`

{ f ` � { ` { bb . { b ` � { ` { b � { bb @ 3

zkhuh/ [ ` @ ^�6> 6` >[ b @ ^�8> 8`1

51 Wklv lv dq htxdwlrq ri d vlpsoh wxqqholqj glrgh ^:9`

3=76{ f ` � 5=9<{ b ` . 7=89{ ` @ 5=8{ bb � 43=8{ bb . 44=;{ b @ l

zkhuh [ ` � ^3> 8` >[ b @ ^3> 6` > dqg l @ 8 pD=

61 Wklv sureohp lv dq h{dpsoh iurp frpexvwlrq fkhplvwu| ^86`1 Wkh v|vwhp frqvlvwv ri
wzr fxelf htxdwlrqv=

� ` { b ` { b . � b { b ` . � f { ` { b . � � { ` . � � { b @ 3
� � { b ` { b . � � { ` { bb . � � { ` { b . � � { f b . � `O^ { bb . � `"` { b . � `Ob @ 3

zkhuh/ � ` @ �4=9<: � 43 � > � b @ 5=4:: � 43 � > � f @ 3=88> � � @ 3=78> � � @ �4> � � @
4=8;8�43 ` � > � � @ 7=459�43 � > � � @ �;=5;8�43 � > � � @ 5=5;7�43 � > � `�^ @ 4=<4;�43 � >
� `"` @ 7;=7> � `8b @ �5:=:6= Wkh er{ [ ` @ ^3> 4` >[ b @ ^3> 4` =

71 Wkh klssrshgh sureohp lq ^77`

} @ { b ` . { bb > d} @ { bb . } b

zkhuh [ ` @ ^�4=8> 4=8` > [ b @ ^�4> 4` > ] @ ^3> 7` > dqg d @ 4=4 1
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81 Wklv lv d vhw ri nlqhpdwlf htxdwlrqv iru d SXPD urerw lq ^86`
� ` { ` { f . � b { b { f . � f { ` . � � { b . � � { � . � � { � . � � @ 3

� � { ` { f . � � { b { f . � `O^ { ` . � `"` { b . � `Ob { � . � ` f @ 3
� ` � { � { � . � ` � { ` . � ` � { b @ 3

� ` � { ` . � ` � { b . � ` � @ 3
{ b ` . { bb � 4 @ 3
{ bf . { b� � 4 @ 3
{ b� . { b� � 4 @ 3
{ b � . { b� � 4 @ 3

zkhuh/ � ` @ 7=:64 � 43 � f > � b @ �3=68:;> � f @ �3=456;> � � @ �4=96: � 43 � f > � � @�3=<66;> � � @ 4> � � @ �3=68:4> � � @ 3=556;> � � @ 3=:956> � `O^ @ 3=596;> � `"` @
�3=3::78> � `Ob @ �3=9:67> � ` f @ �3=9355> � ` � @ 4> � ` � @ 3=68:;> � ` � @ 7=:64� 43 � f >
� ` � @ �3=:956> � ` � @ 3=556;> � ` � @ 3=6794= Wkh er{ [ � 5 ^�4> 4` > l @ 4> ===> ;=
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Sulqwhu= Rsdtxh w

Dsshqgl{ F
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Iru hydoxdwlqj wkh shuirupdqfh ri ydulrxv elvhfwlrq gluhfwlrq vhohfwlrq uxohv/ zh fkrrvh vhy0
hudo fkdoohqjlqj uhdo0zruog dssolfdwlrq h{dpsohv wdnhq iurp gl�huhqw hqjlqhhulqj glvflsolqhv1
Wkhvh duh ghvfulehg ehorz1

41 Dfwlyh qrlvh dqg yleudwlrq frqwuro v|vwhp ^9:`= Wkh skdvh dqjoh dqg pdjqlwxgh ixqfwlrqv
iru d v|vwhp rffxuulqj lq dfwlyh qrlvh dqg yleudwlrq frqwuro zlwk kljko| xqghugdpshg
uhvrqdqfhv duh

i ` +{, @ �4;3
� dufwdq

;AAA?
AAA=

5{ b ${ `
4�� $

{ `
� b

<AAA@
AAA>

i b +{, @ �43 orj `O^
;?
=
#� $

{ `
� b

. 5{ bb � 4
$ b

. 4� �5{ bb � 4� b
<@
>

{ ` 5 ^3=:8> 4=58`> { b 5 ^3=35> 3=39`
Wkh iuhtxhqf| lv $ @ 41

51 Vlpsoh srohv v|vwhp ^89`= Wkh skdvh dqjoh dqg pdjqlwxgh ixqfwlrqv iru d vwdeoh vhfrqg
rughu v|vwhp zlwk uhdo srohv duh

i ` +{, @ �4;3
�

�
dufwdq

� $
{ `

�
. dufwdq

� $
{ b

��
i b +{, @ �43 orj `�^ �+{ b ` . { bb . $ b ,$ b . +{ ` { b , b �. 53 orj `�^ +{ f ,

{ ` 5 ^4> 8` > { b 5 ^53> 63` > { f 5 ^4> 43`
Wkh iuhtxhqf| lv $ @ 4=
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61 Qrq0plqlpxp skdvh v|vwhp ^:4`= Wkh skdvh dqjoh dqg pdjqlwxgh ixqfwlrqv iru d qrq0
plqlpxp skdvh +QPS, v|vwhp zlwk uhdo srohv dqg }hurv duh

i ` +{, @ 4;3
�

�
dufwdq +�${ b ,� dufwdq +${ ` ,� �

5
�

i b +{, @ 43 orj `�^
+4 . +{ b $, b
4 . +{ ` $, b

,
. 53 orj `�^

�{ f
$
�

{ ` 5 ^3=6> 4` > { b 5 ^3=38> 3=4` > { f 5 ^4> 6`
Wkh iuhtxhqf| lv $ @ 4=

71 Qrq0udwlrqdo v|vwhp ^5:/ ss145<`= Wkh skdvh dqjoh dqg pdjqlwxgh ixqfwlrqv iru d qrq0
udwlrqdo v|vwhp duh

i ` +{, @ �4;3
�

�
dufwdq

� �{ b vlq +{ ` $,
{ b frv+{ ` $, . 4

�
. ${ f

�
i b +{, @ �43 orj `�^ i4 . { b +{ b . 5 frv +{ ` $,,j

{ ` 5 ^4> 5` > { b 5 ^3=7> 3=9` > { f 5 ^3=34> 3=35`
Wkh iuhtxhqf| lv $ @ 51

81 yhklfoh foxwfk v|vwhp ^46`= Wkh skdvh dqjoh dqg pdjqlwxgh ixqfwlrqv ehwzhhq wkh lqsxw
foxwfk srvlwlrq wr wkh rxwsxw wudqvplvvlrq vshhg ri d yhklfoh foxwfk v|vwhp duh

i ` +{, @ 4;3
�

3
EECdufwdq

� 57:67=<:$
98=94 +{ ` � { b $ b ,

�� dufwdq

;AA?
AA=

6=3:�448:=6<$

3
EEC{ ` � $ b� 4

98=94 . 4
{ b

�
4
FFD
<AA@
AA>

4
FFD

i b +{, @ 43 orj `O^

;AAAAAAAAAAA?
AAAAAAAAAAA=

�98=94 �{ ` � { b $ b �� b . +57:67=<:$, b

+�448:=6<$, b .

3
EEC6=3:

3
EEC{ ` � $ b� 4

98=94 . 4
{ b

�
4
FFD
4
FFD

b

<AAAAAAAAAAA@
AAAAAAAAAAA>

.

53 orj `�^
� { f
+98=94 . { b ,$

�
{ ` 5 ^8;33> 448333` > { b 5 ^4733> 44333` > { f 5 ^433> ;33`

Wkh iuhtxhqf| lv $ @ 431
91 Hohfwur 0 phfkdqlfdo v|vwhp ^47`= Wkh skdvh dqjoh dqg pdjqlwxgh ixqfwlrqv ri dq hohfwur

0 phfkdqlfdo v|vwhp duh

i ` +{, @ 4;3
�

�
dufwdq

� { b $
{ f � { ` $ b

�� dufwdq +{ ` . 3=7,{ f � 3=7{ ` $
+�{ ` . 3=7,{ b $

�
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i b +{, @ 43 orj `O^
�
+{ b $, b . �{ f � { ` $ b � b �� 43 orj `�^

# �+�{ ` . 3=7,{ b $ b � b .
+$ +{ ` . 3=7,{ f � 3=7{ ` $, b

$

{ ` 5 ^8=9> ;` > { b 5 ^63> 633` > { f 5 ^8;;3> 8<33` =
Wkh iuhtxhqf| lv $ @ 43�1

:1 Phfkdqlfdo v|vwhp ^5:/ ss1 555`= Wkh skdvh dqjoh dqg pdjqlwxgh ixqfwlrqv iru d ph0
fkdqlfdo v|vwhp duh

i ` +{, @ �4;3
�

3
EECdufwdq

;AA?
AA=

{ f� { �
${ b � { ` ${ b

�
<AA@
AA>. �

5

4
FFD

i b +{, @ �53 orj `�^
+
$ b

v
{ bf . ${ b

� { �
+${ b , b � { `

� b ,
. 53 orj `O^ +{ � ,

{ ` 5 ^4> 5` > { b 5 ^4>s43`> { f 5 ^3=8> 4`> { � 5 ^5> 6`> { � 5 ^3=8> 5`
Wkh iuhtxhqf| lv $ @ ;1

;1 Dlufudiw v|vwhp lq orqjlwxglqdo prwlrq ^:8`= Wkh skdvh dqjoh dqg pdjqlwxgh ixqfwlrqv
iru wkh orqjlwxglqdo prwlrq ri dq dlufudiw duh

i ` +{, @ 4;3
�

3
EEECdufwdq

� $
{ `

��
;AAA?
AAA=
dufwdq

� $
{ b

�
. �

5 . dufwdq

3
EEEC

5{ f2��E�

4�� $
{ �

� b

4
FFFD
<AAA@
AAA>

4
FFFD

i b +{, @ 43 orj `�^

;AAAAAA?
AAAAAA=

4 .
�
��<�
� b

$ b
#
4 .

� $
{ b

� b $3
C
#
4�� $

{ �
� b $ b

.
�
5{ f ${ �

� b 4D

<AAAAAA@
AAAAAA>

. 53 orj `�^ +{ � ,

{ ` 5 ^3=8> 3=:8` > { b 5 ^4> 43` > { f 5 ^3=;> 3=<` > {� 5 ^8> 9` > { � 5 ^3=5> 5`
Wkh iuhtxhqf| lv $ @ 3=41

<1 GF prwru v|vwhp ^8`= Wkh skdvh dqjoh dqg pdjqlwxgh ixqfwlrqv ri d GF prwru v|vwhp
duh
i ` +{, @ 4;3

�
�
dufwdq

�{ ` { b $
{ �

�
. dufwdq

� { � +{ f . { � , . +{ � +M � . { b ,,
$ b { � +�M � � { b , . { � +{ f . { � , . { b `

��

i b +{, @ 43 orj `O^
�
{ b� . +{ ` { b , b

�� 43 orj `�^
# �$ b { � +�M � � { b , . { � +{ f . { � , . { b ` � b .

+{ � +{ f . { � , . +{ � +M � . { b ,,, b
$

{ ` 5 ^3=5> 3=9`> { b 5 ^4h� 8> 6h� 8`> { f @ {� 5 ^4=<8h� 8> 5=38h� 8`>
{ � 5 ^3=<8> 4=38`> { � 5 ^3=<8h� 5> 4=38h� 5`> M � @ 5h� 6

Wkh iuhtxhqf| lv $ @ 531
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431 Lqyhuwhg shqgxoxp v|vwhp ^45`= Wkh skdvh dqjoh dqg pdjqlwxgh ixqfwlrqv ehwzhhq
shqgxoxp dqjoh wr wkh fduw*v prwru fxuuhqw duh

i ` +{, @ �4;3
�

3
EECdufwdq

;AA?
AA=

$
��

{ b { ` . $ b
{ �

�
<AA@
AA>. dufwdq

;A?
A=

5{ f ${ �
4� $

{ b�

<A@
A>. ${ �

4
FFD

i b +{, @ 53 orj `�^
;AA?
AA=

$ b
{ � $ b . <=;4

{ `u
$ b .

�
{ b { ` . �

�
� �
� b 4u�

�� �� . 5{ bf � 4
� b

. 4� +5{ bf � 4, b

<AA@
AA>

{ ` 5 ^4=8> 4=:` > { b 5 ^3=38> 3=48` > { f 5 ^3=34> 3=35`
{ � 5 ^48> 4:` > { � 5 ^83> 93` > { � 5 ^3=6> 3=78` > { � 5 ^3=347> 3=348`

Wkh iuhtxhqf| lv $ @ 4=
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Dsshqgl{ G
Lqwhuydo dqdo|vlv

Ohw ? eh wkh vhw ri uhdov/ { 5 ? _ / [ @ ^[ ` > ===>[ b ` � ? _ > zkhuh [ � @ �[ � >[ � �/ l @ 4> ===> o=
[ lv dq d{lv doljqhg sdudoohoslshg dovr fdoohg dv d er{1 Ohw L +[, eh wkh vhw ri doo er{hv
frqwdlqhg lq [1 Ohw wkh zlgwk ri [ eh gh�qhg dv z +[, @ pd{[ � plq[ li [ 5 L +?, >
dqg dv z +[, @ pd{ iz +[ ` , > = = = > z +[ _ ,j > li [ 5 L �? _ �1 Ohw wkh plgsrlqw ri [ eh gh�qhg
dv p +[, @ +plq[.pd{[, @5 li [ 5 L +?, > dqg dv p +[, @ ip +[ ` , > = = = >p +[ _ ,j > li
[ 5 L �? _ �1
Ohw i +[, ghqrwh wkh udqjh ri d ixqfwlrq i rq [1 D ixqfwlrq I = L +[, $ L +?, lv vdlg wr

eh dq lqfoxvlrq ixqfwlrq ^98` iru i / li �i +\, � I +\, iru doo \ 5 L +[,1 D qdwxudo lqfoxvlrq
ixqfwlrq irup lv rewdlqhg iurp wkh h{suhvvlrq iru i e| uhsodflqj doo rffxuuhqfhv ri { � zlwk
[ � dqg doo uhdo rshudwlrqv zlwk wkh fruuhvsrqglqj lqwhuydo rshudwlrqv1
Dvvxph i wr eh frqwlqxrxvo| gl�huhqwldeoh rq [/ dqg ohw G � I ghqrwh wkh qdwxudo lqfoxvlrq

ixqfwlrq iru wkh sduwldo ghulydwlyhv Ci@C{ � > l @ 4 +4, o1 Wkhq/ wkh prqrwrqlflw| whvw irup I �k�
^7<` lv dq lqfoxvlrq ixqfwlrq irup iru i / dqg lv jlyhq e|

I �k� +[, @ ^i+x,> i+y,`. [
�7�:�

G � I +[,+[ � �p � ,> +G14,

zkhuh/ W lv wkh vhw ri lqwhjhuv l vxfk wkdw G � I +[, @
k
G � I +[,>G � I +[,

l
surshuo| frqwdlqv

}hur/ l1h1/ G � I +[, ? 3 ? G � I +[,/ dqg

+x � > y � , @

;AA?
AA=

�[ � >[ � � li G � I +[, � 3�[ � >[ � � li G � I +[, � 3
+p +[ � , >p +[ � ,, li l 5 W

Li G � I +[, � 3 uhvs1 G � I +[, � 3 wkhq i lv prqrwrqlfdoo| ghfuhdvlqj uhvs1 lqfuhdvlqj lq wkh
lwk frpsrqhqw gluhfwlrq rq [1 Zkhq W ehfrphv hpsw|/ lw iroorzv wkdw i lv prqrwrqlf rq [
lq doo frpsrqhqw gluhfwlrqv l @ 4 +4, o1
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Wklv lv sdjh 44:
Sulqwhu= Rsdtxh w

Uhihuhqfhv

^4` M1 Dfnhupdqq1 Urexvw frqwuro= v|vwhpv zlwk xqfhuwdlq sk|vlfdo sdudphwhuv1 Vsulqjhu0
Yhuodj/ 4<:81

^5` M1 Dfnhupdqq dqg Z1 Vlhqho1 Zkdw lv d odujh qxpehu ri sdudphwhuv lq urexvw v|vwhpv1
Lq Surf1 5<wk LHHH Frqi1 rq Ghflvlrq dqg Frqwuro/ sdjhv 67<9�67<:/ 4<<31

^6` M1 Dfnhupdqq dqg Z1 Vlhqho1 Rq wkh frpsxwdwlrq ri ydoxh vhwv iru urexvw vwdelolw|
dqdo|vlv1 Lq Surf1 4vw Hxurshdq Frqwuro Frqi1/ sdjhv 4678�4683/ Juhqreoh/ Iudqfh/ 4<<41

^7` J1 Dohihog dqg M1 Khu}ehujhu1 Lqwurgxfwlrq wr Lqwhuydo Frpsxwdwlrqv1 Dfdghplf Suhvv/
Qhz \run/ 4<;61

^8` I1 Q1 Edloh| dqg G1 Sdq}hu1 D idvw dojrulwkp iru frpsxwlqj sdudphwulf udwlrqdo ixqf0
wlrqv1 Lq Surf1 ri DFF/ yroxph 4/ sdjhv 55�56/ Dwodqwd/ JD/ XVD/ 4<;;1

^9` E1 U1 Eduplvk1 Qhz Wrrov iru Urexvwqhvv ri Olqhdu V|vwhpv1 PfPloodq/ Qhz\run/ XVD/
4<<71

^:` V1 Ehuqhu1 Sdudooho phwkrgv iru yhul�hg joredo rswlpl}dwlrq= sudfwlfh dqg wkhru|1 Mrxuqdo
ri Joredo Rswlpl}dwlrq/ <=4�55/ 4<<91

^;` V1 S1 Ekdwwdfkdu||d/ K1 Fkdshoodw/ dqg O1 K1 Nhho1 Urexvw Frqwuro 0 Wkh Sdudphwulf
Dssurdfk1 Suhqwlfh Kdoo/ Qhz \run/ 4<<81

^<` D1 Eln/ P1 Jlundu/ S1 Juh|/ dqg [1 Wldq1 H!flhqw h{sorlwdwlrq ri sdudooholvp rq Shqwlxp
LLL dqg Shqwlxp 7 surfhvvru0edvhg v|vwhpv1 Lqwho Whfkqrorj| T4/ sdjhv 4�</ 53341

^43` D1 Eln/ P1 Jlundu/ S1 Juh|/ dqg [1 Wldq1 Dxwrpdwlf lqwud0uhjlvwhu yhfwrul}dwlrq iru
LQWHO+U, dufklwhfwxuh1 Lqwhuqdwlrqdo Mrxuqdo ri Sdudooho Frpsxwlqj/ 63=98�<;/ 53351
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^44` L1 Erqjduw}/ D1 U1 Frqq/ Q1 L1 P1 Jrxog/ dqg P1 D1 Vdxqghuv1 D qxphulfdo frpsdulvrq
ehwzhhq wkh ODQFHORW dqg PLQRV sdfndjhv iru odujh0vfdoh qxphulfdo rswlpl}dwlrq1
Uhsruw <:246 Qdpxu Xqlyhuvlw|/ 4<<:1

^45` F1 Erujkhvdql/ \1 Fkdlw/ dqg R1 \dqly1 Wkh txdqwlwdwlyh ihhgedfn wkhru| wrroer{ iru
PDWODE1 4<<81

^46` Z1 Fkhq dqg G1 M1 Edoodqfh1 Sodqw whpsodwh jhqhudwlrq iru xqfhuwdlq sodqwv lq TIW1
Wudqv1 ri wkh DVPH Mrxuqdo ri G|qdplf V|vwhpv/ Phdvxuhphqw dqg Frqwuro/ 454=68<�
697/ 4<<<1

^47` E1 Frkhq/ P1 Qruglq/ dqg S1 R1 Jxwpdq1 Uhfxuvlyh julg phwkrgv wr frpsxwh ydoxh vhwv
iru wudqvihu ixqfwlrqv zlwk sdudphwulf xqfhuwdlqw|1 Lq Surf1 ri DFF/ sdjhv 6;94�6;98/
4<<81

^48` W1 Fvhqghv dqg G1 Udw}1 Vxeglylvlrq gluhfwlrq vhohfwlrq lq lqwhuydo phwkrgv iru joredo
rswlpl}dwlrq1 VLDP Mo1 qxphulfdo dqdo|vlv/ 67=<55�<6;/ 4<<:1

^49` O1 F1 Z1 Gl{rq dqg P1 Mkd1 Sdudooho dojrulwkp iru joredo rswlpl}dwlrq1 Mrxuqdo ri
Rswlpl}dwlrq Wkhru| dqg Dssolfdwlrqv/ :<=6;8�6<8/ 4<<61

^4:` H1 G1 Grodq dqg M1 M1 Pruh1 Ehqfkpdunlqj rswlpl}dwlrq vriwzduh zlwk shuirupdqfh
sur�ohv1 Pdwkhpdwlfdo Surjudpplqj Rqolqh/ Rfwrehu 53341

^4;` M1 M1 Grqjduud dqg Y1 Hlmnkrxw1 Qxphulfdo olqhdu dojheud dojrulwkpv dqg vriwzduh1
Mrxuqdo ri Frpsxwdwlrqdo dqg Dssolhg Pdwkhpdwlfv/ 456=7;<�847/ 53331

^4<` M1 Jduor�/ E1 Judi/ dqg P1 ]hwwohu1 Vshhglqj xs dq dojrulwkp iru fkhfnlqj urexvw
vwdelolw| ri sro|qrpldov1 Lq Surf1 5qg LIDF V|psrvlxp rq Urexvw Frqwuro Ghvljq/
sdjhv 4;6�4;;1 Hovhylhu Vflhqfh/ R{irug/ 4<<;1

^53` F1 Jdx dqg P1 D1 Vwdgwkhuu1 Uholdeoh qrqolqhdu sdudphwhu hvwlpdwlrq xvlqj dq lqwhu0
ydo qhzwrq phwkrg= huuru0lq0yduldeoh dssurdfk1 Frpsxwhuv dqg Fkhplfdo Hqjlqhhulqj/
57=964�96;/ 53331

^54` L1 S1 Judqw dqg Y1 U1 Vdxqghuv1 Qxphulfdo frpsxwdwlrqv ri prohfxodu lqwhjudov yld
rswlpl}hg +yhfwrul}hg, IRUWUDQ frgh1 Qxfohdu Lqvwuxphqwv dqg Phwkrgv lq Sk|vlfv
Uhvhdufk/ D 6;<=44:�453/ 4<<:1

^55` M1 Z1 Jxghqehuj1 Kdugzduh vxssruw iru lqwhuydo dulwkphwlf1 Vflhqwl�f Frpsxwlqj dqg
Ydolgdwhg qxphulfv/ sdjhv 65�6:/ 4<<91

^56` X1 O1 Jxqwkhu/ F1 Oxgzlj/ dqg K1 Uxwhumdqv1 QPU ODE0Dgydqqfhg QPU gdwd surfhvv0
lqj lq PDWODE1 Mrxuqdo ri Pdjqhwlf Uhvrqdqfh/ 478=534�53;/ 53331
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^57` U1 Kdpphu/ P1 Krfnv/ X1 Nxolvfk/ dqg G1 Udw}1 Qxphulfdo Wrroer{ iru Yhul�hg Frp0
sxwlqj L1 Vsulqjhu0Yhuodj/ Ehuolq/ 4<<61

^58` H1 Kdqvhq1 Joredo rswlpl}dwlrq xvlqj lqwhuydo dqdo|vlv0Wkh pxwlglphqvlrqdo fdvh1 Qxp1
Pdwkhpdwln/ 67=57:�5:3/ 4<;31

^59` H1 Kdqvhq1 Joredo rswlpl}dwlrq xvlqj lqwhuydo dqdo|vlv1 Pdufho Ghnnhu/ 4<<51
^5:` L1 P1 Krurzlw}1 Txdqwlwdwlyh ihhgedfn ghvljq wkhru| +TIW,1 TIW Sxeolfdwlrqv/ Erxoghu/

Frorudgr/ 4<<61
^5;` M1 ]1 Kxd/ M1 I1 Euhqqhfnh/ dqg P1 D1 Vwdgwkhuu1 Uholdeoh suhglfwlrq ri skdvh vwdelolw|

xvlqj dq lqwhuydo Qhzwrq phwkrg1 Ioxlg Skdvh Htxloleuld/ 449=85�8</ 4<<91
^5<` K1 V1 Kxdqj dqg F1 X1 Ox1 Yhfwru lpsohphqwdwlrqv ri idvw ghfrxsohg dqg Jdxvv0Vlhgdo

ordg  rzv1 Hohfwulfdo Srzhu dqg Hqhuj| V|vwhpv/ 4:+8,=688�68;/ 4<<81
^63` N1 Lfklgd dqg \1 Ixmll1 Dq lqwhuydo dulwkphwlf phwkrg iru joredo rswlpl}dwlrq1 Frpsxw0

lqj/ 56=;8�<:/ 4<:<1
^64` O1 Mdxolq/ P1 Nlh�hu/ R1 Glgulw/ dqg H1 Zdowhu1 Dssolhg Lqwhuydo Dqdo|vlv1 Vsulqjhu/

Orqgrq/ 53341
^65` U1 E1 Nhduirww1 Devwudfw jhqhudol}hg elvhfwlrq dqg d frvw erxqg1 Pdwkhpdwlfv ri Frp0

sxwdwlrq/ 7<+4:<,=4;:�535/ 4<;:1
^66` U1 E1 Nhduirww1 Vrph whvwv ri jhqhudol}hg elvhfwlrq1 DFP Wudqvdfwlrqv rq Pdwkhpdwlfdo

Vriwzduh/ 46+6,=4<:�553/ 4<;:1
^67` U1 E1 Nhduirww1 Uljrurxv joredo vhdufk= frqwlqxrxv sureohpv1 Grguhfkw= Noxzhu Dfdg0

hplf Sxeolvkhuv/ 4<<91
^68` U1 E1 Nhduirww/ P1 Gdzdqgh/ N1 V1 Gx/ dqg F1 \1 Kx1 LQWOLE/ d sruwdeoh IRUWUDQ

:: lqwhuydo vwdqgdug ixqfwlrq oleudu|1 DFP Wudqvdfwlrq rq Pdwkhpdwlfdo Vriwzduh/
53=77:�78</ 4<<71

^69` U1 E1 Nhduirww dqg Y1 Nuhlqrylfk1 Dssolfdwlrq ri Lqwhuydo Frpsxwdwlrqv1 Noxzhu Dfd0
ghplf Sxeolvkhuv/ Qhwkhuodqgv/ 4<<91

^6:` U1 E1 Nhduirww dqg P1 Qryrd1 LQWELV/ d sruwdeoh lqwhuydo qhzwrq2elvhfwlrq sdfndjh1
DFP Wudqvdfwlrq rq Pdwkhpdwlfdo Vriwzduh/ 49+5,=485�48:/ 4<<31

^6;` U1 Nodwwh/ X1 Nxolvfk/ P1 Qhdjd/ G1 Udw}/ dqg F1 Xooulfk1 SDVFDO0[VF= D SDVFDO
H{whqvlrq iru Vflhqwl�f Frpsxwdwlrq1 Vsulqjhu0Yhuodj/ Ehuolq/ Jhupdq| 2 Khlghoehuj/
Jhupdq| 2 Orqgrq/ XN 2 hwf1/ 4<<41
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^6<` R1 Nqxssho1 SURILO2ELDV�d idvw lqwhuydo oleudu|1 Frpsxwlqj/ 86+607,=5::�5;:/ 4<<71
^73` O1 Y1 Nrohy1 Lqwhuydo phwkrgv lq flufxlw dqdo|vlv1 Zruog Vflhqwl�f/ 4<<61
^74` U1 Nudzf}|n dqg D1 Qhxpdlhu1 Lqwhuydo vorshv iru udwlrqdo ixqfwlrqv dqg dvvrfldwhg

fhqwhuhg irupv1 VLDP M1 Qxphulfdo Dqdo|vlv/ 55=937�949/ 4<;81
^75` X1 Nxolvfk dqg O1 E1 Udoo1 Qxphulfv zlwk dxwrpdwlf uhvxow yhul�fdwlrq1 Pdwkhpdwlfv

dqg Frpsxwhuv lq Vlpxodwlrq/ 68+8,=768�783/ Qry1 4<<61
^76` N1 Q1 Odojxgl/ P1 F1 Sdsdhiwk|plrx/ dqg P1 Srwnrqmdn1 Rswlpl}lqj frpsxwdwlrqv

iru h�hfwlyh eorfn0surfhvvlqj1 DFP Wudqvdfwlrqv rq Ghvljq Dxwrpdwlrq ri Hohfwurqlf
V|vwhpv1/ 8+6,=937�963/ 53331

^77` M1 G1 Odzuhqfh1 D fdwdorj ri vshfldo sodqh fxuyhv1 Gryhu/ Qhz \run/ 4<:51
^78` D1 S1 Ohfohuf1 H!flhqw dqg uholdeoh joredo rswlpl}dwlrq1 SkG wkhvlv/ Wkh Rklr Vwdwh

Xqlyhuvlw|/ Froxpexv/Rklr/XVD/ 4<<51
^79` U1 Z1 Pdlhu/ M1 I1 Euhqqhfnh/ dqg P1 D1 Vwdgwkhuu1 Uholdeoh frpsxwdwlrq ri d}hrwurshv1

Frpsxwhuv dqg Fkhplfdo Hqjlqhhulqj/ 57=4;84�4;8;/ 53331
^7:` Wkh PdwkZrunv Lqf1/ PD/ XVD1 PDWODE xvhu jxlgh/ yhuvlrq 914/ 53351
^7;` U1 H1 Prruh1 Lqwhuydo dqdo|vlv1 Suhqwlfh0Kdoo/ Hqjohzrrg Fol�v/ Qhz Mhuvh|/ 4<991
^7<` U1 H1 Prruh1 Phwkrgv dqg dssolfdwlrqv ri lqwhuydo dqdo|vlv1 VLDP/ Sklodghoskld/ 4<:<1
^83` U1 H1 Prruh/ H1 Kdqvhq/ dqg D1 Ohfohuf1 Uljrxurxv phwkrgv iru joredo rswlplvdwlrq1

Lq F1 D1 Iorxgdv dqg S1 P1 Sdugdorv/ hglwruv/ Uhfhqw Dgydqfhv lq Joredo Rswlpl}dwlrq1
Sulqfhwrq Xqlyhuvlw| Suhvv/ 4<<51

^84` U1 H1 Prruh dqg K1 Udwvfkhn1 Lqfoxvlrq ixqfwlrqv dqg joredo rswlpl}dwlrq LL1 Pdwkh0
pdwlfdo surjudpplqj/ 74=674�689/ 4<;;1

^85` M1 M1 Pruh/ E1 V1 Jduerz/ dqg N1 H1 Kloovwurp1 Whvwlqj xqfrqvwudlqhg rswlpl}dwlrq
vriwzduh1 DFP Wudqv1 Pdwkhpdwlfdo Vriwzduh/ :+4,=4:�74/ 4<;41

^86` D1 Prujdq dqg Y1 Vkdslur1 Er{ elvhfwlrq iru vroylqj vhfrqg ghjuhh v|vwhpv dqg wkh
sureohp ri foxvwhulqj1 DFP Wudqv1 Pdwk1 Vriwzduh/ 46=485�49:/ 4<;:1

^87` D1 S1 Prujdq1 Vroylqj sro|qrpldo v|vwhpv xvlqj frqwlqxdwlrq iru hqjlqhhulqj dqg vfl0
hqwl�f sureohpv1 Suhqwlfh0Kdoo/ Hqjohzrrg Fol�v/ Q1 M1/ 4<;:1

^88` V1 J1 Qdvk dqg M1 Qrfhgdo1 D qxphulfdo vwxg| ri wkh olplwhg phpru| EIJV phwkrg
dqg wuxqfdwhg Qhzwrq phwkrg iru odujh vfdoh rswlpl}dwlrq1 VLDP M1 Rswlp1/ 4=68;�6:5/
4<<41
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^89` S1 V1 Y1 Qdwdudm dqg J1 Vdugdu1 Frpsxwdwlrq ri TIW erxqgv iru urexvw vhqvlwlylw| dqg
jdlq0skdvh pdujlq vshfl�fdwlrqv1 Wudqv1 ri wkh DVPH Mrxuqdo ri G|qdplf V|vwhpv/
Phdvxuhphqw dqg Frqwuro/ 455=85;�867/ Vhswhpehu 53331

^8:` S1 V1 Y1 Qdwdudm dqg J1 Vdugdu1 Whpsodwh jhqhudwlrq iru frqwlqxrxv wudqvihu ixqfwlrqv
xvlqj lqwhuydo dqdo|vlv1 Dxwrpdwlfd/ 69=444�44</ 53331

^8;` S1 V1 Y1 Qdwdudm dqg V1 Vkhhod1 D qhz vxeglylvlrq vwudwhj| iru udqjh frpsxwdwlrqv1
Uholdeoh Frpsxwlqj/ ;=4�43/ 53351

^8<` S1 V1 Y1 Qdwdudm dqg V1 Vulydvwdyd1 V|qwkhvlv ri urexvwo| vwdelol}lqj jhqhudo rughu frp0
shqvdwruv iru lqwhuydo sodqwv xvlqj lqwhuydo dqdo|vlv1 Uholdeoh Frpsxwlqj/ Qryhpehu
4<<<1

^93` D1 Qhxpdlhu1 shuvrqdo frppxqlfdwlrq1
^94` D1 Qhxpdlhu1 Wkh hqforvxuh ri vroxwlrqv ri sdudphwhu ghshqghqw v|vwhpv ri htxdwlrqv1

Lq U1 H1 Prruh/ hglwru/ Uholdelolw| lq frpsxwlqj= wkh uroh ri lqwhuydo phwkrgv lq vflhqwl�f
frpsxwdwlrqv1 Dfdghplf Suhvv/ 4<;;1

^95` D1 Qhxpdlhu1 Lqwhuydo phwkrgv iru v|vwhpv ri htxdwlrqv1 Fdpeulgjh Xqlyhuvlw| Suhvv/
Fdpeulgjh/ Hqjodqg/ 4<<31

^96` Z1 K1 Suhvv/ V1 D1 Whxnrovn|/ Z1 W1 Yhwwhuolqj/ dqg E1 S1 Iodqqhu|1 Qxphulfdo Uhflshv
lq Iruwudq <3 = Wkh duw ri Sdudooho Vflhqwl�f Frpsxwlqj1 Fdpeulgjh Xqlyhuvlw| Suhvv/
PD/ XVD/ 4<<91

^97` K1 Udwvfkhn dqg M1 Urnqh1 Frpsxwhu phwkrgv iru wkh udqjh ri ixqfwlrqv1 Fklfkhvwhu=
Hoolv Kruzrrg Olplwhg/ 4<;71

^98` K1 Udwvfkhn dqg M1 Urnqh1 Qhz frpsxwhu phwkrgv iru joredo rswlpl}dwlrq1 Qhz \run=
Zloh|/ 4<;;1

^99` G1 Udw} dqg W1 Fvhqghv1 Rq wkh vhohfwlrq ri vxeglylvlrq gluhfwlrqv lq lqwhuydo eudqfk0
dqg0erxqg phwkrgv iru joredo rswlpl}dwlrq1 Mrxuqdo ri Joredo Rswlpl}dwlrq/ :=4;6�53:/
4<<81

^9:` M1 P1 Urguljxhv/ \1 Fkdlw/ dqg F1 Y1 Kroorw1 Dq h!flhqw dojrulwkp iru frpsxwlqj TIW
erxqgv1 Wudqv1 ri wkh DVPH Mrxuqdo ri G|qdplf V|vwhpv/ Phdvxuhphqw dqg Frqwuro/
44<+6,=87;�885/ 4<<:1

^9;` V1 P1 Uxps1 LQWODE 0 lqwhuydo oderudwru|1 Lq W1 Fvhqghv/ hglwru/ Ghyhorsphqwv lq
uholdeoh frpsxwlqj1 Noxzhu Dfdghplf Sxeolvkhuv/ 4<<<1
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^9<` F1 D1 Vfkqhsshu dqg P1 D1 Vwdgwkhuu1 Urexvw surfhvv vlpxodwlrq xvlqj lqwhuydo pdwkrgv1
Frpsxwhuv dqg Fkhplfdo Hqjlqhhulqj/ 53=4;:�4<</ 4<<91

^:3` P1 M1 Vfkxowh dqg H1 H1 Vzduw}odqghu1 Yduldeoh suhflvlrq/ lqwhuydo dulwkpdwlf frsurfhv0
vruv1 Uholdeoh Frpsxwlqj/ 4=7:�95/ 4<<91

^:4` P1 Vlgl1 Ihhgedfn v|qwkhvlv zlwk sodqw ljqrudqfh/ qrqplqlpxp skdvh/ dqg wlph0grpdlq
wrohudqfhv1 Dxwrpdwlfd/ 45=598�5:4/ 4<:91

^:5` P1 D1 Vwdgwkhuu dqg F1 D1 Vfkqhsshu1 Urexvw skdvh vwdelolw| dqdo|vlv xvlqj lqwhuydo
phwkrgv1 Lq DLFkH V|psrvlxp vhulhv/ yroxph <4/ sdjhv 689�68<1 4<<81

^:6` Vxq Plfurv|vwhpv/ Sdor Dowr/ FD/ XVD1 Iruwh IRUWUDQ <8 Xvhu Pdqxdo/ 53341
^:7` W1 Vxqdjd1 D edvlf wkhru| ri frppxqlfdwlrq1 Phprluv/ 5/J04=759�776/ 4<8;1
^:8` G1 I1 Wkrpvsrq dqg R1 G1 L1 Qzrndk1 Dqdo|wlfdo orrs vkdslqj phwkrgv lq txdqwlwdwlyh

ihhgedfn wkhru|1 Wudqv1 ri wkh DVPH Mrxuqdo ri G|qdplf V|vwhpv/ Phdvxuhphqw dqg
Frqwuro/ 449=49<�4::/ 4<<71

^:9` D1 Xvklgd dqg O1 R1 Fkxd1 Wudflqj vroxwlrq fxuyhv ri qrqolqhdu htxdwlrqv zlwk vkdus
wxuqlqj srlqwv1 Flufxlw Wkhru| dqg Dssolfdwlrqv/ 45=4�54/ 4<;71

^::` U1 M1 Ydqghuehl dqg G1 I1 Vkdqqr1 Dq lqwhulru srlqw dojrulwkp iru qrqfrqyh{ qrqolqhdu
surjudpplqj1 Frps1 Rswlp1 Dsso1/ 46=564�585/ 4<<<1

^:;` M1 Yhuvfkhgh1 SKF sdfn= Wkh gdwd edvh ri sro|qrpldo v|vwhpv1 Whfkqlfdo uhsruw/ Xqly1ri
Loolqrlv/ Pdwkhpdwlfv Ghsw1/ Fklfdjr/ X1V1D/ 53341

^:<` H1 Zdowhu dqg O1 Mdxolq1 Jxdudqwhhg fkdudfwhul}dwlrq ri vwdelolw| grpdlqv yld vhw lqyhu0
vlrq1 LHHH Wudqv1 rq Dxwrpdw1 Frqwuro/ 6<+7,=;;9�;;</ 4<<71

^;3` P1 Zdupxv1 Fdofxoxv ri dssur{lpdwlrqv1 Exoo1 Dfdg1 Sro1 Vfl1/ LY+8,=586�58</ 4<891
^;4` D1 Zlhwkr�1 Yhul�}lhuwh joredoh rswlplhuxqj dxi sdudoohouhfkqhuq1 SkG wkhvlv/ Xqlyhu0

vlwdw Nduovuxkh/ Nduovuxkh/ Jhupdq|/ 4<<;1
^;5` P1 ]hwwohu dqg M1 Jduor�1 Urexvwqhvv dqdo|vlv ri sro|qrpldov zlwk sro|qrpldo sdudphwhu

ghshqghqf| xvlqj Ehuqvwhlq h{sdqvlrq1 LHHH Wudqv1 rq Dxwrpdw1 Frqwuro/ 76+6,=758�
764/ 4<<;1

^;6` M1 ]krx dqg N1 D1 Urvv1 Lqpsohphqwlqj gdwdedvh rshudwlrqv xvlqj VLPG lqvwuxfwlrqv1
DFP VLJPRG Mxqh 709/ 53351
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Sxeolfdwlrqv
41 S1 V1 Y1 Qdwdudm/ V1 Vkhhod dqg D1 N1 Sudndvk/ Lqwhuydo TIW= D Pdwkhpdwlfdo dqg Frp0

sxwdwlrqdo Hqkdqfhphqw ri TIW/ Surfhhglqjv ri wkh 8wk Lqwhuqdwlrqdo V|psrvlxp rq
Txdqwlwdwlyh Ihhgedfn Wkhru| dqg Urexvw Iuhtxhqf| Grpdlq Phwkrgv/ 56057 Dxjxvw
5334/ Sdpsorqd/ Vsdlq1

51 S1 V1 Y1 Qdwdudm dqg D1 N1 Sudndvk/ D Sdudoohol}hg Yhuvlrq ri wkh Fryhulqj Dojrulwkp
iru Vroylqj Sdudphwhu0Ghshqghqw V|vwhpv ri Qrqolqhdu Htxdwlrqv/ Uholdeoh Frpsxwlqj/
5335/ lvvxh 5/ Yroxph ;/ ss 40;1

61 S1 V1 Y1 Qdwdudm dqg D1 N1 Sudndvk/ Rq Vshhglqj xs wkh Lqwhuydo Qhzwrq Dojrulwkp/
Surfhhglqjv ri Lqwhuqdwlrqdo Frqihuhqfh rq Pxowlphgld dqg Ghvljq/ Yroxph LL/ ss <04:/
Vhswhpehu 5335/ Pxpedl/ Lqgld

71 P1 Ghr/ Q1 V1 Nxedo/ D1 N1 Sudndvk dqg S1 V1 Y1 Qdwdudm Lqwhuydo Dojrulwkp wr Wudlq
Duwl�fldo Qhxudo Qhwzrunv/ Surfhhglqjv ri Lqwhuqdwlrqdo Frqihuhqfh rq Pxowlphgld dqg
Ghvljq/ Yroxph LL/ ss 4860497/ Vhswhpehu 5335/ Pxpedl/ Lqgld1

81 S1V1Y1 Qdwdudm/ D1N1 Sudndvk dqg Q1 V1 Nxedo/ Dq H!flhqw Dojrulwkp ri Joredo Rswl0
pl}dwlrq lq Lqwhuydo Dqdo|vlv/ Surfhhglqj ri wkh 9 �7� Lqwhuqdwlrqdo Frqihuhqfh rq Kljk
Shuirupdqfh Frpsxwlqj lq Dvld Sdfl�f uhjlrq/ Ghfhpehu 4904</ 5335/ Edqjdoruh/ Lqgld1

91 S1 V1 Y1 Qdwdudm/ V1 Vulydwdyd dqg D1 N1 Sudndvk Ghvljq ri Urexvwo| Vwdelol}lqj Frq0
wuroohuv iru Mhw Hqjlqhv xvlqj Vhw Lqyhuvlrq Surfhhglqjv ri wkh Lqwhuqdwlrqdo V|psr0
vlxp rq Surfhvv V|vwhp Hqjlqhhulqj dqg Frqwuro/ 607 Mdqxdu| 5336/ Lqgldq Lqvwlwxwh
ri Whfkqrorj|/ Erped|/ Lqgld +wr dsshdu,1

:1 S1V1Y1 Qdwdudm dqg D1 N1 Sudndvk/ Rq Vshhglqj xs d Edvlf Joredo Rswlpl}dwlrq Dojr0
ulwkp lq Lqwhuydo Dqdo|vlv/ frppxqlfdwhg wr Uholdeoh Frpsxwlqj1

;1 S1V1Y1 Qdwdudm dqg D1 N1 Sudndvk/ D Qhz Uxoh iru Elvhfwlrq Gluhfwlrq Vhohfwlrq lq
Udqjh Frpsxwdwlrqv/ frppxqlfdwhg wr Uholdeoh Frpsxwlqj1
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Dfnqrzohgjhphqw
Lw lv d sohdvdqw wdvn wr h{suhvv p| judwlwxgh wr doo wkrvh qhdu dqg ghdu rqhv zkr kdyh
dffrpsdqlhg dqg khoshg ph lq p| SkG mrxuqh|1
Iluvw dqg iruhprvw L zrxog olnh wr wkdqn p| vxshuylvru Suri1 S1 V1 Y1 Qdwdudm/ zkr lqwur0

gxfhg ph wr wkh zrqghuixo zruog ri lqwhuydo pdwkhpdwlfv1 Kh kdv pdgh d ghhs lpsuhvvlrq
lq ph zlwk klv zd| ri whdfklqj dqg klv vlpsolflw|1 L kdyh ohduqhg d orw iurp klv ghglfdwlrq/
shuihfwlrq dqg klv dwwlwxgh ri �qhyhu vd| glh�1 Kh lv d vrxufh ri qhyhu0hqglqj lqvsludwlrq iru
ph1 L kdyh ehhq h{wuhpho| oxfn| wr kdyh klp dv p| phqwru$
Judwlwxgh lv gxh wr Suri1 E1 Edqgrsdgk|d|/ zkr lv dovr frqyhqhu ri rxu jurxs/ iru vshqglqj

klv ydoxdeoh wlph wr uhdg dqg xqghuvwdqg p| uhvhdufk wrslfv1 Klv vzhhw zd| ri dvnlqj txhvwlrqv
dw wkh hqg ri wkh vhplqdu dqg *qrgglqj wkh khdg rqfh frqylqfhg* zloo dozd|v eh uhphpehuhg1
L dp wkdqnixo wr Suri1 D1 N1 Ydupd zkr lv wkh fkdlupdq ri p| USF1 L dp lqghewhg wr Suri1
E1 Y1 Olpd|h/ d zrqghuixo whdfkhu/ zkr wdxjkw ph Uhdo Dqdo|vlv dqg wrrn vshfldo lqwhuhvw lq
p| wxwruldov1 Lw lv eh�wwlqj dw wklv srlqw wr phqwlrq Suri1 V1 N1 Ndwwl iru wkh lqvsludwlrq kh
surylghg ph gxulqj p| pdvwhuv lq hqjlqhhulqj1 L dp dovr wkdqnixo wr Suri1 Duqrog Qhxpdlhu
iru klv ydoxdeoh frpphqwv dqg fulwlflvp rq wkh vhfrqg fkdswhu ri p| wkhvlv1 P| vlqfhuh
wkdqnv duh gxh wr Suri1 V1 Uxps/ iru wkh vriwzduh LQWODE/ zklfk L kdyh xvhg h{whqvlyho| lq
p| zrun/ dqg dovr iru foduli|lqj p| grxewv uhjduglqj wkh xvh ri LQWODE zlwk d sduwlfxodu
yhuvlrq ri PDWODE1
Wkh orqj zrunlqj krxuv lq rxu olyho| v|vfrq ode kdyh ehhq zrqghuixo1 P| iulhqgv Vdfklq

dqg Nxedo zhuh dozd|v wkhuh wr khos ph rxw dqg L dp gh�qlwho| jrlqj wr plvv wkh fr�hh
euhdnv lq wkh fr�hh vkdfn1 Rxu glvfxvvlrqv derxw dq|wklqj xqghu wkh vxq/ sduwlfxoduo| lqwhuydo
pdwkhpdwlfv zloo dozd|v eh uhphpehuhg1 L dp wkdqnixo wr wkhp iru wkhlu vxssruw/ d�hfwlrq
dqg oryh wkh| kdyh vkrzq1 P| iulhqgv Whodqj/ Pduldssdq/ Udmhhy/ Mljqhvk/ Fkdnudyduwklql/
Vkhhod/ Pxudol dqg Mdqdugkdqdq kdyh ehhq zlwk ph dozd|v vkdulqj p| h{shulhqfhv dqg
surylglqj khos1
L zrxog qrw kdyh ehhq zkdw L dp wrgd| li qrw iru p| odwh judqgidwkhu Pu1 Vuhhgkdud Phqrq

0 d juhdw lqvsludwlrq iru ph1 P| sduhqwv kdyh frqwulexwhg zlwk wkhlu vxssruw wkurxjkrxw p|
SkG1 P| prwkhu0lq0odz*v suhvhqfh zlwk p| fkloguhq jdyh ph wkh vwuhqjwk wr frqfhqwudwh rq
p| zrun khuh1 Wklv zdv lq vslwh ri wkh khdowk sureohpv ri p| idwkhu0lq0odz zkr kdv dozd|v
prwlydwhg ph1 Wkh vdful�fhv wkh| kdyh pdgh/ vwd|lqj vhsdudwh/ lv vrphwklqj iru zklfk L zrxog
dozd|v eh lqghewhg wr wkhp1 L dp yhu| judwhixo wr p| zlih Pdqmxod/ zkr kdv ehhq d frqvwdqw
vrxufh ri vwuhqjwk1 D sloodu ri shuvhyhudqfh dqg sdwlhqfh/ vkh kdv ehhq deoh wr wdnh fduh ri
p| idplo| dorqj zlwk khu khfwlf vfkhgxoh lq wkh r!fh ehdxwlixoo|1 Rqh ri wkh ehvw h{shulhqfhv
wkdw zh vkduhg lq wklv shulrg zdv wkh eluwk ri rxu vhfrqg gdxjkwhu Ghydnl/ zkr surylghv
d mr|ixo glphqvlrq wr rxu olih1 P| gdxjkwhuv Ndo|dql dqg Ghydnl kdyh whuuleo| plvvhg wkhlu
*Dfkd* +sdsd, gxulqj wkh |hduv ri p| uhvhdufk1 Hyhq zlwk sk|vlfdoo| suhvhqw zlwk wkhp/ p|
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plqg zdv prvw ri wkh wlph suhrffxslhg zlwk p| uhvhdufk sureohpv1 Wkh| kdyh ehhq yhu|
xqghuvwdqglqj wkdw wkhlu sdsd dovr kdv wr ohduq d orw ri �d/e/f� dqg �4/5/6�1 L dp surxg wkdw
wkh| kdyh ehhq deoh wr wdnh doo wkhvh vlwxdwlrqv lq wkhlu vwulgh1 Krshixoo| wkh| zloo uhdg p|
wkhvlv vrphwlph lq ixwxuh dqg dvn ph vrphwklqj derxw lqwhuydov$
L zrxog dovr olnh wr wkdqn p| vfkrro whdfkhuv iurp p| yloodjh lq Nhudod zkr frqwulexwhg

juhdwo| wr p| irupdwlyh |hduv dqg ixuwkhu ghyhorsphqw1 Wkh fkdlq ri judwlwxgh lv qhyhu0hqglqj
0 wkhuh duh vr pdq| shrsoh zkr kdyh sod|hg vljql�fdqw urohv lq p| vxffhvv1 Wkrxjk L pd|
qrw eh deoh wr phqwlrq doo wkhlu qdphv khuh/ ghhs lq p| khduw lv dq ryhuzkhoplqj ihholqj ri
zdupwk dqg judwlwxgh iru wkhp1
Ilqdoo| L dp wkdqnixo wr Jrg iru lqvslulqj dqg jxlglqj wklv kxpeoh kxpdq ehlqj/ zlwkrxw

zkrvh eohvvlqjv/ qrwklqj zrxog kdyh ehhq srvvleoh$


